
OLTjISIB 54 


AUGUST 19J^7 


NUMBER 2 


JOURNAL 

OF 

BACTERIOLOGY 

Official Organ of the Societij of American Bacteriologists 

EDITOR-IN-CniEF 

Ja^les^jM Sherman 



lixs characierx.$ixc oj Science and Progress that they 
continually open new fields to our vision — Pasteur 


Published Monthly by 


THE AMXLIAjMS & WILKINS COMPANY 

MT ROYAL AND GDILFORD AVES , BALTIMORE-2. ESA 

Copyneht 1947 ^ The TTi/liams <fe Wilkins Company 
Made tn United Stoite of Avienea 



JOURNAL OF BACTERIOLOGY 

FOUNDED IN 1916 

Official Organ of the Society of American Bacteriologists 

Dev oted to the Advancement and Disseniination of Knowledge 
in Regard to the Bacteria and Other Microorganisms 

Editor 

J M SHERMAN 
Associate Editors 

L D Eothebgill W C Frazier Georges Knatsi 

Stuart Mudd J H Mueller M J Pickett 

Advisory Editors 

G P Bern C E Clifton W Jennison L F Rettger 

R S Breed P R Edwards S A Koser T M Rivers 

R E Buchanan J F Enders A G Lochhead G H Smith 

E J Cameron W A Hagan K F Me>er X R Smith 

P F Clark B W Hammer G B Reed W H Taliaferro 

Editorial Office ^ 

Cornell University Press, Ithaca, N Y 


SUSTAINING MEMBERS 

Society of American Bacteriologists 


Annorr Laboratories North Chicago IllmoLS 

A S Aloe CoMPANi St Loui-* Mo -Los Angeles Calif 

American Aqar avd CncincAL Compani San Diego Cahf 
American Can Company Ma>'^^ood III 

American Cyan A ino Comp ^NT Bound Brook N J 

American Instrument Comp vnt Incorporated 

Silver Spring Md 

A \ ERIC AN OPTIf'AL COMPANY SCIENTIFIC 

Instrument DmsiON Buffalo N \ 

Auericak Sterziazer Compaq t Ene Pa 

ANTinusER Buecn Incorporated St Louis Mo 

Armour Laboratories Chicago III 

J T Baker Chemical CoirpANT Phillipsburg N J 

Baltdiore Biological Laboratory Baltimore Md 

\ C Barnes Company Incorporated New York N A 
Baubch and Lomb Optical Company Rochester N Y 
B EN DINER SCHLESINGER INCORPORATED NcW York N "V 


The Borden Compant New York N \ 

Bramhall Deane Company New'iork N \ 

Bristol Labopatories Incorporated SjTacuse N Y 
BuRROUcns Wellcome AND Company New^ork N V 

Bussey Products Company Chicago, 111 

Carwoeth Farms Incorporated New Citj N \ 

Central Scienttfic Company Chicago 111 

CiBA Pharmaceutical Products Incorporated 

Summit N J 

Clay Adams Company Incorporated New "iork N Y 
The Coca Cola Coiip ANY Atlanta Ga 

Cole Chemical Company St Louts Mo 

Toe Coleman antj Bell CoMPAN-i Norwood Ohio 

Commercial Solvents Corporation Terre Haute, Ind 

Corntno Gl-ass Works Coming N Y 

Cutter Laboratories Berkele\ Calif 

Drrco Laboratories Incorpop^ated Detroit Mich 

Diveksey Corpor-ation Chicago III 

Eleyric HcnTACK Company Incorpop^ted Philadelphia, Pa 
H K Ferguson Company Incorporated Cleveland Ohio 
Fischep ScTENTTPic Eimeb AND AMrN*D Ncw^ork N Y 

FLElscnMAN'N Lab OR.AT DRIES Ncw'iork N \ 

Fort Dodge Laboratories Incorporated Fort Dodge, low a 
General Chemical Company New \orl , N Y 

Lamp Depaetmeny Gener-al Eleitbi^ Company 

Cleveland Ohio 

Hetden Chemi'"al Corporation Princeton N J 

lIorrMAN LaBck-he L?corpop^ated Nutle\ N J 

Hyn-son U esttott ANT) Denying Baltimore Md 

The Hypex Compavt Flcmmgton N J 

lNT>'’*TEiALTE 5 TtNC Laboilatop^e** New\ork N 1 

I\—eenational Equipmeny Company Boston ilas. 

JUMBLE Czjur* D/VL JC*N OweNS- 1 lLJNOX 3 Gl ASA CoMPaNY 

\ melandj N J 

La\ REE- PhARM ACAL Coi PANY St Lo J13 Mo 


New "iork N Y 
Atlanta Ga 
St Louts Mo 
Norwood Ohio 
Terre Haute, Ind 
Coming N Y 
Berkele\ Calif 
Detroit Mich 
Chicago III 


Pnnceton N J 
Nutle\ N J 
Baltimore Md 
Flcmmgton N J 
New \ork N 1 
Boston ilas. 


Lederle Laboratories Divibiov American || 

Cyan AMID Compan'i Kew York N || 

E Leitz Incorporated New York N I 

Eli Lill\ avd Company Indianapolis Ii 

Mead Johnson and Company Evansville Ii 

Merck and Compani Incorporated Rahway^ N 

The Williams Merbell Company Cincinnati O 

The C V Mosst Company St Louis J 

The National Antlive and CnEiiiCAL Company Inc( 
PORATED New York, N 

National Dair^ Research Laboratories Incorporate! 

Baltimore k 

National Drug CoiiPANY Philadelphia ! 

National Sugar Refining Company New York N 

Parkf Davis and CoiiPAvy Detroit JIi 

The Penysitvavia Salt Manutactdring Company 

Philadelphia 1 

Ch AS ITizer and CoifP ANY Incorporated New York N 
Pitman Moore CompanTs Indianapolis L 

Precision ScinNTiFic CcMPANY Chicago, 

Radio Corporation op America Camden N< 

Rare Chemicals Incorporated Plemmgton N. 

Rockland Farms New City N 

W B Saunders Company Philadelphia 1 

ScHENDEY Laboratories Incorporated Lawrenceburg, li 
SCHIEFTELIN AND COMPANY NeW York N 

Jos Schlttz Brewing Company Milwaukee, V 

Schwarz Laboratories Incorporated New York N 
Joseph E Seagram avd Sons Incorporated Louwville I 


G D Searle Company 
Selas Corporation of America 
Sharp and Dohmf Incorporated 
The Sharples Corporation 


Chicago 
Philadelphia ' 
Philadelphia 
Philadelphia, 


Sheffield FARiis Company Incorporated New York 
SHERiiAN Laboratories Detroit Mi 

Smith Kline and French Laboratories Philadelphia, 
Ivan boRVALL New York N 

E R Squibb avd Sons New Brunswick N 

Takamine Laboratobv Incorporated Clifton N 

The Technycon Company New York N. 

\RTnuB H Thomas Company Philadelphia 

L S Industrial Chfmicals Incorporated Baltimore, ’ 
The Upjohn Company Kalamazoo n 

Wallfrstein Company Incorporated New York, N 

William R Warner and Company New York N. 

Will Corporation Rochester N 

WiLM or Castle Company Rochester N 

Williams a d Wilkin? Company Baltimore 

WiNYHROP CHEincAL Company New York ^ 

^^I3COV^I Alvuvi liESEiRczi Fousdatzos MadiSOB 

Wyandotte Chemicals Corporation Wj-andotte 

Wyeth Incorporated Philadelphia I 


EutcYd a ^ecoad-chsa rnattcr M-rch Q 1917 at the post-office at Baltimore lid under the act of March 3 
1^9 Subscription pncet5 00 pe- volume Single numbera $100 



JOURNAL 

OF 

BACTERIOLOGY 


VOLULIE 54 


BALTIMORE, MD 
1947 




JOUh'h \L 01 HACTLRIOLOGY 


3 




NUiVIBER 2 


JOURNAL OF BACTERIOLOGY 

Contents for August 


Ihc ^ntlgonl^lt^ of Cn ‘'tnllincL\‘’07> mo losci)h SmolcnsaiulJcsscCImrnci 101 
Pipinont Produrtioii and Vntihiolic \cli\it> in Cultures of Pseudomonas 
aeruginosa G ^ oun^ 109 

Tlio Mode of \ction of Xitrofurnn Comiiounds II Vpplication of Physio- 
chcmicnl Methods lo the Stu(h of Vction igninst Staphylococcus aureus 
D L Cramer 119 

C% tochcnucal Mcehani^^ms of Penieillin \clion II Changes in Reactions of 
Siophylococcus aureus to \ ilal D\es Robertson Pratt and Jean Dufrcno> 127 
Microbic Decomposition of Pantothenic \cid William I Metzger 135 

Production of Mold \m\ lascs in Submerged Culture E II Le Mense, Julian 
Corman,J M Van Lanen, and V T Langljkke 149 

EfTcct of the Composition of the Siiorulation Medium on Citric Vcid Produc- 
tion b> ^Ispcrf^iffws riif/cr in Submerged Culture P Shu and M J Johnson 161 
Clostridia in Gas Gangrene and Local Vnaerobic Infections during the Italian 
Campaign Aaron II Stock 169 

Rough smooth Dissociation of jVczsscna infracc/h/fans Florence I E\ans 175 
Description of Strain C27 V Motile Organism Milh the Major \ntigen of 
Shigella somict Vhnsc 1 AA W Ferguson and N D Henderson 179 

Morphology of Escherichia coli Exposed to Penicillin as Observed 'with the 
Electron Microscope A J Shanahan, A Eisenstark, and F W Tanner 183 
Acetic Acid Production from Ethanol by Fluorescent Pseudomonads R Y 
Stamer 191 

Growth Responses of a Sulfonamide requiring Mutant Strain of Neurospora 
Sterling Emerson 195 

The Relation of the Bacterial Production of Ammonia Gas to the Gro'wth of 
Other Microorganisms Francis J Ry an and Lillian K Schneider 209 

The Growth and Pigmentation of Actinomyces coelicolor as Effected by Cul- 
tural Conditions Vincent W Cochrane and Jean E Conn 213 

Biotin and the Sy nthesis of Aspartic Acid by Microorganisms J L Stokes, 
Alma Larsen, and Marion Gunness 219 

The Morphology of the Li of Klieneberger and Its Relationship to Sirepto- 
hacillus moniliformis L Dienes 231 

Products of Anaerobic Glycerol Fermentation by Streptococci Jaecahs I C 
Gunsalus 239 

The “Reversal,” Neutralization, and Selectivity^ of Germicidal Cationic 
Detergents Morton Klein and Zelma G Kardon 245 

Tuberculostatic and Tuberculocidal Properties of Streptomycin Dorothy 
G Smith and Selman A Waksman 253 

Notes 

Reverting Hisioplasma capsulaium to the Veast Phase Charlotte C 
Campbell 263 

The Viability of Yeast Cultures Preserved under Mineral Oil B S Henry 264 
Reported Salmonellas from the Pacific 1941-1946 Philip R Carlquist 265 
Anaerobic Fermentation of Mannitol by Staphylococci James B Evans 266 
Proceedings of Local Branches of the Society of American Bacteriologists 267 


(In wntmg to advertisers, please mention the journal — it helps ) 





JOURNAL OF BACTERIOLOGY 



LABORATORY MODEL G 


ECKMAN pH METER 


Ihc Model G Beckman INIetei has proved itself the ideal laboratory pH 
meter because of its accuiacj^ versatility, and simplicity of operation 

It features high inherent accurac}’’, built-m temperature compensation, direct 
millnolt leadings for o\idation-ieduction measuiements, factoiy filled elec- 
trodes It IS entiiel} self-contained and portable 

V V idc \ anetA of electrodes can be used vnth the Beckman Laborator}^ Model 
Meter to permit measurements all the vay from fractional drop samples to 
the contents of large tanks or \ats 

Supplied read^ for use complete vith Electrodes, Buffer Solution, sample 
containei, KCl solution, and dnections 


No 9680 


$225 00 


WILL CORPORATION 

ROCHESTER 3, N Y • NEW YORK 12, N Y 

BUFFALO APPARATUS CORP , BUFFALO 5, N Y. 

SOUTHERN SCIENTIFIC COMPANY, INC , ATLANTA 3, GA 


L A » O R ATORY APPARATUS AND CHEM I C A t S 


(In writing to advertisers, please^mention the journal— it helps ) 



WURNALOl nAClLRIOIOG) 


1 


^o^L^n: n NmiBER 4 

JOURNAL OF BACTERIOLOGY 

Contents for October 


Niitiilioii il Sliulu's on Pnniilajia on/za( V I i \m I Li v\d 
C ]l Bin w 1 n 401 

4 hoTuhoK ulo^l itu Vt tion of /if/H/- Vinino^ iIk \ lu Vcid Gi P Yoi ai \ns, 
Gohdon A\ R\innn, wn Vwi 8 Voimws 409 

The B icteiio^t itic of ( ciium, L inth imim, and llulliiim Sldil 

B\ uKi ^ wn C S M( C 1 1 ski ^ 417 

Studies on the Qinntititne DiUeientid Vnih^s of Mi\tuics of Se\eial 
r^^cntiilh Pine Penicillin r\pes Kiciimid Donovick, D\mfl 
Lmmuis \m) Fi 1 1 \ P\\s\ 425 

ABicteinl Spi u Vppu itu*- U‘-oful in SeuchiiiK foi Vntihiotic-pioducing 
Micioorg ini^ms P G Si wsm 443 

V Simple Method foi Conliollcd Expciiment ition on the Pi^sage of IMicio- 
oiginisms thiough the Dige^^tne Ti icl of In‘-ects Stwlei E Wed- 
BEUG VXD XORMW V Cl VKKL 447 

An Vctinophigc foi S(icp(owyccs gnscus II Chrisiinl Riillx, Dvle 
A Hvuris, vndSelmvn a Wvksmw 451 

Iwo Stieptom\ cin-iCM‘^lnnt Vninnts of Meningococcus C Phillip 

MiLLI R VXD Al VRJORIL BOUXHOFF 467 

Isohtion and C\ tologicnl Stud> of a Free-h\ ingSpiiochcte Al T Dwr 483 

The Enteiococci With Special Refeience to Iheii V^^socntion uitli Human 

Disease Vlicl C & vxs vxd Alice L Chixx 495 

Vntibiotic Vcti\it\ of the Falt\ “\cid-hke Constituent'll of Wieat Bian 
H\rri Hlmfeld 513 

RiboflaMn Pioduction b\ Molds Glorgl L PLLricR vxd Rviaioxb 
Borchers 519 

Studies on the IMode of Vction of Stieptom\cin II The Xatuie of a 
Stieptomycin Inhibitoi Occuiiing m Bi iin Tissue ind Plant Extiacts 
loXL RhIMER VXD G I WvLLVCE 521 

The Action of Phenylmeicuiic Xitiate IV The Abiht}" of Sulfhvdivl 
Compounds to Piotect against the Geimicidal Action of Basic Phem F 
mcrcuiic Xitiate GirxrdW Thomvs vxd Eliox S Cook 527 

A Bacteiial \ lilts foi <7; zscRs H B Woodruff, T D Xlx** 

HEiMER, VXD S B Lee 535 

Xote 

The Rapid Recognition of Aspeigilhc Acid AVxLaER C Tobie xxt) 
Cl\r\ Alverson 543 

Pioceedings of Local Blanches of the Societv of \meiican Bacteiiologists 545 


(In writing to advertisers, please mention the journal — it helps ) 




o 


JOl R\ IL 01 B \C1 niilOLOG'i 




/oM VIOES nnd other acid fruits 
^ arc niobt apt to be attacked 
nioUl'^ To guard against this danger and 
insure quab packs, processors of these 
fruits make routine inspections >Mlb 
Sjicnccr IVIold Count IVIicroscopcs 


Tlicsc inslrnincnls pro\ide the optical 
and inccb niical equipment an Inch food 
laboratories baAC found effect iac for 
mold covmting as an cU as for other t^pe*' 
of microscopical iua tsligalion 


/ (H further infoi rnatiou about these 
find other uorld famous Spencer 
Iw'^trumuits unU Dept X8t 


American W Optical 

c o « r A M Y 

Scientific Instrument Division 

C ff lol5 NtwY k 





>,,< 'Jl 


3 


rin writing to advertisers please mention the journal— it helps ) 



JOURNAL OF BACTCRJOLOOY 


1 


VOLUME r>i NTOIBER 5 

JOURNAL OF BACTERIOLOGY 

Co7ite?its for November 

SUulio*^ on Poh \in Kol \tion ind lilonhfic \tion of Bacillin 'pohjimjxa 


nnd DjITcrcntntion of Pol^Tn^\ln from Cert iin luio\\n Antibiotics 
P G Stansm vnd M E bemossru 549 

Microbiologic.ll Agencies in the Dcgnchtion of Steroids II Steroid Util- 
ization In the i^Iicroflorn of Soih G E Ttni-iTT 557 

Plate ^Methods for Te^^ting Vntibiotic VctiMt\ of Actinomycetcs against 
Vmilcnt Human T 3 pc Tubercle Bacilb Eltzybith H AVilliston, 

P\Ki Zi\-WvLn.vTii, A\n Gua P YouMv^s 563 

A Morphological A^anant of E^cJicndna coh and Its Resistance to Strepto- 

m} cm Estiteu SxunnLFFihLD 569 

The Isolation of T} pc B Botulinum To\in C vkl La:^lvxn \ and HLvrold 
N Gl.\ssma\ 575 

Studies on Pol 3 m>'xm An Agar DitTusion Alethod of Assay P G 

Sta\sl\ vnd jM E Schlosseu 585 

The Relation between 0\3gcn Consumption and the Utihzation of Am- 
moma for Gro^\th in Serraha viarccsccns Dorotha J McLe\n and 
Kenneth C Fisher 599 

Further Studies on the Immumzation of Babbits to Toxigemc Coryne- 
bacterixim diphthenac b 3 " Injections of Nontoxigemc Diphtheria Bacilh 
Mvrtin Frobisher, Jr , and El vine L Updyke 609 

A Stud 3 ^ of Bacterial S 3 Tiergism \xitl\ Reference to the Etiolog 3 ’’ of Mahgnant 

Diphthena Elaine L Updike vsd Martin Frobisher, Jr 619 

The Effect of Sodium Acenaphthene (5) Sulfonate on a Strain of Eberthella 
typhosa Thomas H Grainger, Jr , and Dorotht L Wilaier 633 

The Initial Bod 3 " and the Plaque Form in the Chlaviydozoacpae Geoffrey 

Hakb 637 

The Relative Errors of Bactenological Plate Counting Methods Thomas 
L Sntder 641 

Cultural Studies on the Yeasthke Phase of Histoplasma capsiilatiim Darhng 

S B Salvin 655 

Notes 

A Note on Formate Ricinoleate Lactose Broth Pierre Fredericq 
AND Max Levine ' 661 

Eosin Methyl-Green Sulfite Agar A ^Modification of Leaane's E M B 
Agar Pierre Fredericq 662 

Anaerobic Oxidation of H 3 ’'(irocarbons by Sulfate-reducing Bactena 
William D Rosenttild 664 

Proceedings of Local Branches of the Societ 3 ’’ of Amen can Bactenol- 
ogists - 667 



(In writing to advertisers, please mention the journal— it helps ) 




o 


joijR\al of bacteriology 



PROFiSSi@MAL LAMPWORKERS 
Spesify PVKEX Brand T Joints 


The expert lamp^^orhers who huilci the special apparatus so 
essential to successful operahon of large laboratories engaged ^ 
research, education, and process control, know the savings to be 
made m specifying Coming-made glassware For example, prac- 
tically every one of them will cite these five important reasons 
for relying on PYREX brand T joints 

1 Easy Apparatus Assembly — Patented straight outer joint malces easier, 
surer clamp^g saves hme, trouble, breakage 

2 Long Service Lile — ^Extra heavy ^ all tubing, rugged hand tooled sechons 
and controlled annealing mean added service life 

3 Reliable under Vacuum — Precision grinding with tested abrasives assures 
accurate ht, freedom from leakage 

^ Completely Interchangeable — ^All \ are meets National Bureau of Stand 
a^'cs specincahons and thus assures complete interchangeability of parts 
5 Unvarying High Quality — ^E'^ery Coming made joint comes from the 
skilled shops that produce your other PYREX brand apparatus Pnde of 
^so^kmansinp plus constant product research result in stnck adherence to 
high quality standards 




Order 'f’ joints vuth the famihar PYREX trademark. 
Your laboratory supply dealer \nll handle your re- 
quirements promptly 


C3C3nc3t30C3C3n3E3ac:c3C3rafr:c3 


-r: n tn c3 C3 1 


« PYREX 

y 


S>rc-V — * 


CORNING GLASS WORKS . CORNING,N Y. 

LABORATORY GLASSWARE 


(In vmting to ad^'crtisers, please mention the journal — It he ps ) 


JOURNAL OF BACTERIOLOGY 


1 


VOLUIVD; .'5} NUIVIBEE C 

JOURNAL OF BACTERIOLOGY 

Contents Jbr December 


The EITocl of Strcptom\ ( in on the ibolism of Benzoic Acid by Certain 
M 3 cobactcrn Rom ut I Firzor rvld and FmornicK Blrnheim G71 

Concerning FI igclHl ion and Mol ibty 11 T Covn \ndR P Elrod G81 

.Vn Impro\ed Libor it 01 * 3 -Scale Fermentor for Submerged Culture Imcsti- 
g itions H \RR\ IIuMi J LD G89 

Charactcn^^tic^? of Jjcucono^loc vic^cnlcrotdcs from Cane Juice C S 

IMcCllski L W FvMiLr, vvd Rf\ 0 Bvrvett 697 

The Application of Bacteriophage and Serolog 3 in the Differentiation of 
Strains of Lcuconodoc vicscnlcroidcs M%aro Lcna-Quiros and C S 
IMcClt 5Kl\ 709 

Reducing the P 3 rogcnicit 3 " of Concentrated Protein Solutions William 
Elliott Smith \VD Robert B Pennell 715 

C 3 i;ochemical iVIechanisms of Penicillin Action IV Comparative 
Responses of Gram-positn e and Gram-negatn e Bacteria to Penicillin 
Robertson Pil\tt \nt) Jl\n DLFRFNO'i 719 

Lethal and Sublethal Effects of X-Ra 3 s on Eschcnchia colt as Related to the 
Yield of Biochemical jNIutants R v'I'aiovd R Roepke and Florence 
E Merger 731 

Mutation and Adaptation of Phylomona^ siewarlti Ralph E Lincoln 745 

The Effect of Podophyllin on Eberthclla iyphosa Thomas H Grainger, 

Jr 759 

Activities of T\\ent 3 ^-tMo Antibacterial Substances against Nine Species of 
Bacteria Frederick I^av\nagh 761 

The Production of Mutations in Staphylococcus aureus by Chemical Treat- 
ment of the Substrate Orville Wiss, Wilson S Stone, and J 
Bbskbtt Clark 767 

The Kahn Reaction m Rabbits in Relation to Their Age St antjEA M arcus 
ANT) Reuben L ICahn 773 

The Nature of Acid-Fastness Diran Yegian ant) Robert J Van- 
derlinde 777 

Antibiotic Interrelationships among the Enteric Group of Bacteria Pierre 

Fredericq ANT) ]\1ax Levine 785 

Note 

Bacillm Production by Soil Isolates F J Rudert and Milton J 
Foter 793 

Indev of Authors 795 


Inde\ of Subjects 
Contents 


(In writing to advertisers, please mention the journal— it 



JOL EXAL OF BACTERIOLOGY 






AND 


SMALL ANIMALS 

STOCK DIETS 

are specie specific, complete and in pellet form. 

ROCKLAND MOUSE DIET 
ROCKLAND RAT DIET (complete and ‘D’ free) 
ROCKLAND GUINEA PIG DIET 
ROCKLAND RABBIT RATION 

Milled and dislTihuied solely by 

ARCADY FARMS MILLING CO 

223 WEST JACKSON BLVD CHICAGO, ILL 
Authorized Dealers in All Principal Cities 


MANUAL OF METHODS 
FOR PURE CULTURE STUDY OF BACTERIA 


Compiled and edited 

by the Comminee 

A LOOSE-LEAF 


on Technic 

LABORATORY GUIDE 


Published by the 



Soaety of American Bacteriologists 


Credit 

Cash 

A conunuation 

In imitation leather cover $3 25 

$3 00 

Service, knoT\ n as 

Pure Culture Study 

of Bacteria, available 

for $1 25 per year ' 

In paper cover 1 50 

Id, per ten 13 50 

Single Icafiets 25|5 each 

1 25 

12 00 


Small orders usually 
filled by return 
mail 


Orders for 25 of 
more copies filled 
as promptly as pos 
sible, but notice 60 
days an advance M 
advisable to avoid 
delayed delivery 


Sold for tbe Society by 

BIOTECH PUBLICATIONS 

BOX 353 GENEVA, N Y 


(In vmting to ad^’ertisers, please mention the journal— It helps ) 




rOUItN \L or liACTLinOLOGY 


3 



BAKELITE BOXES 
FOR 100 SLIDES! 


These new boxes are made of black fibrous-type Bakelite for stor- 
ing 100 - 75 X 25 mm or 3 x 1 inch microscope slides Attractive, 
nonwarping and durable, they are a vast improvement over the or- 
dinary wood box The cover is hinged and a chrome slide clasp 
permits fastening Dimensions 8^ x 6 ]/^ x inches 

No 66417 Bakelite Slide Boxes for 100 -3x1 inch microscope 
slides 


Each, $1 65 

Lots of 36, 

$1 40 ea 

Lots of 12, 1 48 ea 

Lots of 72, 

1 32 ea 


Write for circular 229 A 


CENTRAL SCIENTIFIC COMPANY 

ScUntl^tc 

1700 IRVING PARK ROAD, CHICAGO 13 

NEW YORK lOSTON SAN FRANCISCO NEWARK LOS ANGELES TORONTO MONTREAL 


('ll! writing to advertisers, please mention the journal — it helps ) 


4 


JOLRXAL or BACTERIOLOGY 



CRYSTALLINE 
AMINO ACIDS 


Available 

for 

Nutritional Research 


Small Convenient Packages — 
Economically Priced 

Write joi complete p)/ce list 




62 lABORATORy PARK • CHAGRIN PALLS, OHIO 


=_BBL=— 
TSI AGAR 

Hajna 

Triple Sugar Iron 
Agar is an excellent 
medium for routine 
differentiation of 
coliform, Proteus, 
Salmonella and 
Shigella bacilli. 

Literature and prices sent on request 

BALTIMORE 

BIOLOGICAL LABORATORY 

Baltimore, Md 


Laboratory Pre-Tested 
Jor Microbiological Uses^ 


"Vitamin Free" Casein Hydrolysate GBI— 
(acid h\drol 52 cd) for U S P and other 
standard assa)s for B complex Mtamins, 
ammo acids and bacterial nutrition studies 
100 cc scrum bottles— $18 00 per dozen 


"Special" Casein Hydrolysate GBI— same as 
aboNC product but more economical to use 
for all those procedures w here its content of 
trace quantities of niacin will not interfere 
100 cc serum bottles — $15 00 per dozen 

ReloTed GBI Product^ 

S-'ccial Media Cr> J ^ nanins and Amino Acids (Ena> 

r' ic)H dfoIvsatesofLactalbumin and Casem-po^^der form 
n r//r Jor prjccs erd irJcrTration 


GENERAL BfOCHEMICALS, INC. 


62 1AEORATOPY 
PA P K 

^ 1 L ^ 



chagpih falls, 

OHIO 


^ f 


LaMOTTE pH BLOCK 
COMPARATOR 

in Plastic 



This compact LaAIottc Outfit grcatl} 
facilitates simple, accurate Hydrogen 
Ion Sicasurements 

Complete vnih an\ one set of LaMotte 
Permanent Color standards, together 
with a suppl3 of the corresponding indi 
cator solution and marked test tubes 
E\cn with highly colored or turbid solu- 
tions determinations can be made %Mth 
accuracy Full instructions accompan> 
each unit Complete, fob Tovson 
$12 50 

If you do not have the LaMotle Blood 
Chrmnlry Ilandhool , a copy xnll he sent 
upon request xnthout ohhgation 

LaAIOTTE 

CHEMICAL PRODUCTS CO 

TOW SON A MD DFTT 


(In wnting to ad^'crtisers please mention the journal— it helps ) 







THE ANTIGENICITY OF CRYSTALLINE LYSOZYME 

JOSEPH SMOLENS A^D JESSE CHAIINEY» 

Wyeth Inslttulc of Applied Biochemistry f Philadelphiat Pennsylvania 

Received for publication March IS, 1947 

The first attempt to produce lysoz^unc antiserum seems to have been that of 
Jermobewa and Bujanowskaja (1931) Unpunficd lysozyme was used Roberts 
(1937) desenbed results obtained vith a punfied but not crystalline lysozyme 
preparation He reported tliat sozjTne is antigenic, that precipitins are formed, 
and that rabbit antiserum inhibits lysozjanc activity on Mtcrococcus lysodeikltcus 
Fleming and Alhson (1922) reported that ‘^rum had the property of lysing M 
lysodahltcm Roberts did not mention ^\hether this charactenstic of serum 
mterfered with his inhibition tests The following communication gives the re- 
sults of e\penmcnts m which rccrj^stalhzed (4 to 6 times) egg white lysozyme was 
utilized The lysing property of normal scrum was taken into consideration 

MATERIALS AND METHODS ^ 

Antigen Tw o lysozyme preparations from egg white w ere used m this study 
Both w ere cr^^stalhne One was prepared by the method of Alderton ei al (1945) 
and was recrystalhzed si\ times The other was prepared by the method of 
Alderton and Fevold (1946) and was recrystalhzed four times 

Sera Antisera were prepared m chmchiUa rabbits either by repeated mtra- 
\enou5 injection, or by subcutaneous injection of a water in oil emulsion accord- 
ing to the method of Freund and McDermott (1942) 

Test for lysozyme aciiviiy A suspension of M lysodeil iicus was distributed 
into a number of \ lals and dried from the frozen state For each test a fresh vial 
was opened and planted on two nutnent agar slants These were incubated at 
37 C for 16 hours and the growth was washed off with 0 85 per cent NaCl and 
centrifuged The sediment was suspended m 0 85 per cent NaCl to give a tur- 
bidity reading of 100 on the Edett-Summerson photoelectric colorimeter usmg a 
no 42 filter One ml of this living suspension w^as added to 1-ml volume of test 
solution, and the tubes were placed at 37 C Readings were taken at vary mg 
time intervals, for the purpose of this study, readings at 4| hours were selected 
as most suitable, as they gave optimal lysis and eliminated potential complica- 
tion due to contaminants 

Inhibition of lysozyme with specific antiserum To the varying concentrations 
of crystallme lysozyme m 0 5-ml volume were added 0 5 ml of vaiymg dilutions of 
serum The tubes were shaken, placed at 37 C for 1 hour, and then to each mix- 
ture 1 ml of ilif lysodeikttcus suspension (described under test for lysozyme activ- 
ity) was added The tubes were shaken and placed at 37 C, and the extent of 
lysis was recorded at §, 1, 2, 3, 4, and 5 hours 

^ We are indebted to Mrs D S McAIeer and Mrs C S McLaren for valuable technical 
assistance 
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Precipitin test These tests were made by mixing 0 4 ml of antigen in the 
proper dilution with 0 4 ml of undiluted antiserum The tubes were placed at 
37 C for H hours, transferred to the refrigerator overnight, and the amount of 
precipitate was estimated after centrifugation 

EXPERIMENTAL RESTJLTS 

Lysozyme activity of normal rabbit serum In corroboration of Fleming's ongi- 
nal observation (1932) it was found that rabbit sera exhibited varying degrees of 


TABLE 1 

Normal rahlnt serum lysozyme activity 
(4 5-liour readings) 


XABBIT 

riKAL SZXUU DILUTXOV 

167 ' 

1 67 

1 670 

S-1 


ib 

0 

s-2 

0 

0 

0 

8-3 

+ 

=h 

0 

S4 

+ 

=fc 

0 

S5 

d= 

0 

0 

S 6 

db 

0 

0 

S-7 

ifc 


0 

S-8 ! 

+ 


0 

S9 

+ 

d= 

0 

S-10 

+ 


0 

S 33 

zfc 


0 

S-0 

+ 


1 ^ 

S-1011 

+ 


0 

S 170 

+ 

± 

0 

S-177 

+ 


+ 

S 182 

+ 

=b 

0 

S 1477 


db 

0 

S-1479 

+ 


0 

S 1974 

+ 

=b 

i 0 

S-196 



i 0 


0 » no lysis, dz = partial lysis, + = complete lysis 


lvi\c actu it\ against M lysodcil hcus One hundred and three normal rabbits 
vere bled from the marginal ear \em, the serum was separated and tested for 
htic actiMt> Three dilutions of serum each in a \olume of 0 3 ml vere em- 
plo\ed (0 3, 0 03, and 0 003 ml), the diluent being extract broth To the con- 
tents of each tube, 0 7 ml of broth and 1 ml of M lysodeiLticus suspension (de- 
scnbed under Materials and Methods) were added, and the tubes were shaken, 
placed in the 37 C incubator for 4' hours, and read The degree of resulting 
Ksis va^ recorded The results of a representatne number of such tests are 
shown in table 1 

Rabbit serum S-2 seemed to ha\e no h'tic acti\it> Three rabbits out of a 
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total of 103 ^^c^c found to be jn tins categor}^ It )s interesting that this lytic 
proi>crt} of semm •^cems to he inherent m the eight species of animals tested in- 
cluding humans Tlie role of ilic active constituent and tlic reason for its 
absence m a s^mall percentage of rabbit sera arc obscure 
Prcparaiion of arihlysozywc sera 771 rabbits A scries of 12 intravenous injec- 
tions (total of 17 mg of crystalline lyso/ymccach) were made m two rabbits No 


TABLE 2 

Rahhii anithody response (0 combined tn^rai cnous lysozyme immunization and saline 

in oil emuhton 


SCKA 

HKAt ANT1CI31 DVlXmOS 


1 10< 

1 4 X J0» 

1 16 X 10* 

1 W X 10* 

1 256 X 10* 1 

l 1024 X 10* 

51 

0 

0 

0 

0 

0 

0 

52 

0 

d: 

1 

4 

4 

1 

XRS 

0 

0 

0 

0 

0 

0 


4 « large amount of precipitate with perfectly clear supernatant, 3, 2, 1 = decreasing 
amounts of precipitate with decreasing clarity of supernatant, db — trace, 0 = no precipi- 
tate, NRS = normal rabbit serum (control) 


TABLE 3 


Comparison of precipitin response with the lylic activity of serum 



psxamiK Ttrm 

tYSOrVME ACnVITY 


FidaI Lysozyme Dilution 

Final Serum Dilution 


1 50 X 10* 

1 200 X 10* ’ 

1 SOO X 10 * 

1 66 

1 66 

1 666 

1 6 666 

i 

tr 

tr 

1 

db 

0 

0 

0 

12 

— 

3 

2 

zh 

0 

0 

0 

S-2 

4 

0 

0 

0 

0 

0 

0 

101 

— 

i ^ 

0 

+ 

0 

0 

0 

112 

4 

1 4 

3 


ziz 

0 

0 

104 

0 

i 1 

i 1 

+ 


0 

0 

108 

0 

0 

0 


d= 

0 

0 

109 

4 

i 1 

0 

+ 

0 

0 

0 

in i 

0 

1 2 

1 

dh 

0 

0 

0 

NRS 

0 

1 0 

0 


! 0 

0 

0 


0 »= no lysis, rt = partial lysis, + « complete lysis, tr « trace 


precipitating antibodies were observed m sera obtained at \arying time mtervals 
A water m oil emulsion containing 15 mg of lysozyme was then prepared and 
injected subcutaneously^ into one of the two rabbits (no 52) The other rabbit 
(no 51) received 6 more intravenous injections totaling 18 mg of lysozyme One 
week later both rabbits were bled (interval of 3 weeks for no 51 rabbit) and pre- 
cipitin tests made The results are showm m table 2 
Another senes of four rabbits received 15 mtra% enous injections totalmg 35 
mg of lysozyme each Only 1 of the 4 sera gave a positive precipitin titer, this 
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normal rabbit sera ha\ e the property of l^^smg M lysode^litcus and there seems 
to be no relationship between inherent serum lyso^nne actnoty and the produc- 
tion of h soz\Tne antibodies Antiserum prepared against one lysozyme inhibits 
the lytic actmty of only its specific tysozyme, despite the fact that both lyso- 
zymes exhibit apparently similar lyi^ic actnities This again demonstrates 
species-specific differences Further, it mdicates that the chemical groupings, 
responsible for lydic actn ity, may differ in the two ly^so^mes, since the lytic 
actu ity of the egg white lysozy me may be completely inhibited, whereas the 
serum lytic actn ity’’ is apparently’' unchanged There is, of course, always the 
possibility of a phy sical blocking of the acti\ e lydic groups when antigen-antibody 
union IS effected 

In ^ iei\ of the abo\ e it might be desirable either to define indn idual lysozymes 
(any matenal causing the lysis of M lysodeil hcu^) more fully, or to choose a more 
appropriate designation for each individual lysozyme The term ‘dysozyme’’ 
itself, as pointed out originally’' by Fleming, is ambiguous and certainly not de- 
scnptu e of any^ one substance 

Cry stalline ly sozyune produces partial ly^'Sis of M lysodeihitciis m dilutions of 
1 15 X 10® to 1 20 X 10® Serum gives partial lysis m dilutions of about 1 100 
If one assumes that the actn ity per unit weight of each ly’^sozyme is roughly of 
the same magnitude, then it v ould appear that the concentration of lysozyme m 
serum is of the order of 0 01 per cent It would thus seem that lysozyme is a 
minor constituent of serum protem, the significance of which is as yet unde- 
termined 

The use of crude egg white ly sozyme m man has recently been reported (Pono- 
mare\ a, 194Ga, 19466) In view of the findings presented here, it might be well 
to exercise caution in the human expenments since the possibility of sensitization 
IS ob\ lous 


StJMMABY 

Cr\ stallme ly sozynme prepared from egg white is antigenic It combines wnth 
specific rabbit antisera to high titer Antily sozy^me rabbit serum inhibits the 
actu Ity of ly sozy me on Micrococcus lysodeiJ ticus 
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3 ello^ oil which showed strong bacteriolytic powers and appeared to be an acid 
More recentl 3 % Ha 3 "S and co-workers (1945) ha\ e separated a number of active 
lipoidal fractions, which they ha\e called the “Pyo’^ compounds 

PIGIMENT PRODUCTION IN VARIOUS MEDIA 

In the present studies, cultures of P aeruginom from five different sources 
were used B, from human feces, S, from a human throat, Ha, from the mfected 
cheek pouch of a hamster , H and T, stock cultures from two different laboratories 
Except for shghtl}’' more rapid p 3 ^oc 3 "anin production by strain B, the reactions 
of all fi^ e were identical in the experiments to be described, so no further mention 
of strain will be made 


TABLE 1 


Pigment production and acidity tn various media 


MEDIUM 

pH 

figments 

ryocyanin 

Fluorescent 

0 5% Glucose 

8 12 

+ 

+ 

1 0% Glucose 

6 20 

— 

— 

1 5% Glucose 

4 80 

— 

— 

2 0% Glucose 

4 18 

— 

— 

0 6% Glycerol 

8 50 

+ 


1 0% Glycerol 

7 67 

++ 


1 5% Gl> cerol 

8 10 

H 


2 0% Glycerol 

8 26 

++ 

+4- 

Potato + glj cerol 

8 35 

++++ 

— 

Veal infusion 

8 40 

+ 

? 

\ eal infusion + glycerol 

8 36 

+ 

? 

Blood 

8 28 


? 


Nutnent extract broth was used as the base medium with the supplements listed Cul- 
tures were incubated 2 weeks at 37 C 


The first series of experiments w as done to determine the effect of various media 
on pigment production Nutrient extract broth was used as a base, and the me- 
dium was designated b 3 whate\er other ingredients were added 0 5, 1 0, 1 5, and 
2 0 per cent glucose ,05,10,15, and 2 0 per cent gly^cerol, potato+ 1 0 per cent 
gl\ ccrol , \ cal infusion , \ eal infusion + 1 per cent gl 3 cerol , and 5 per cent whole 
blood The results, including the final pH of each culture, aie shown in table 1 
Of the fne pigments mentioned abo\e, onl} p^ocyanm and the fluorescent pig- 
ment arc gn on, because p^ orubin was not formed b} any of the strains used, and 
a-oxw phenazme and the brown substance appear to be formed, not directly by 
the organism but indirectly from py ocy anin and the fluorescent pigment, respec- 
ti\ eh oc\ anin w as determined by ^^haking the culture to oxidize the leuco- 
bases of the pigment'^, and extracting with chloroform Fluorescence was noted 
on dilution of a small amount of the culture after chloroform extraction 

It appears that pigment production is associated wath alkalinity , and if enough 
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glucose ferment nlion lakes place so that tlic reaction remains acid no colored 
substances arc formed Culturcs containing small amounts of glucose — ^up to 1 
jxir cent — sliow an acid reaction during the first weak of incubation, and then 
gradually become alkaline, yith some pigment formation That the pigments 
arc not alrcad^ prci^ent m some colorless form is sho^^n by the fact that when 
NaOII IS added to an acid culture and the pH brought to 8 0, there is no immedi- 
ate evidence of pigment, but in a fev days both pyocyanin and the 
fluorescent material begin to apjxiar The slight amounts of pigments formed 
in \cal infusion and blood broths, vhich gne distinctly basic cultures, indicate 
that alkalinity is not the onl^ factor imohcd, and that enriched media of this 
t} pc inhibit rather than encourage pigment production, even in the presence of 
glycerol The addition of gl} cerol alone fa\ ors the production of both pigments, 
and potato further increases pyocyanin formation, but appears to inhibit the 
fluorescent material (The reaction of all these cultures is remarkably constant 
after the first 2 weeks, 10-week cultures, either acid or basic, show the same pH 
as at 2 weeks, although such properties as color and viscosity may have changed 
considerably In no case do the organisms die out ) 

ANTIBIOTIC ACTIVITT IN VARIOUS SIEDIA 

Three of these media were chosen for further work 1 5 per cent glucose, m 
which no pi^ents were produced, potato + 1 per cent glycerol, in w^hich pyocya- 
nm was formed, and 1 per cent glycerol, which yielded both pyocyanm and the 
fluorescent substance Samples w^ere taken from cultures after 1, 4, and 10 weeks 
of incubation, each was sterilized by boiling for 1 minute and 3 ml were added to 
a tube of melted nutrient agar Plates were poured and streaked ’with three test 
organisms, Staphylococcus aureus^ Bschmchia coli^ and Mycobacienum smegmaiis 
After 24 hours the growiih of S aureus and E coh on the test plates was compared 
with that on a control plate of nutrient agar Because M smegmahs grows more 
slowly, both test and control plates were replaced m the incubator for another 24 
hours before the growth of that organism was recorded The results are given 
m table 2 It is clear that the 1 5 per cent glucose culture, producing no pig- 
ments, IS also lacking in antibiotic activity, whereas the other two media are 
effective in both respects The diminishing inhibition of E coh by older cultures 
will be referred to later 

PROPERTIES OF CULTURE FRACTIONS 

In order to analyze further the relation between pigment formation and anti- 
biotic potency, cultures in the three media were allowed to incubate for 3 weeks 
and then fractionated The 100-mI broth culture was shaken in order to oxidize 
the leucobases of both pyocyanm and the fluorescent pigment It was then ex- 
tracted with chloroform (4 successive 20'ml portions) to remove pyocyanm and 
any small amounts of a-oxyphenazme present Because pyocyanm breaks down 
rapidly into the latter substance in chloroform solution, this extract was imme- 
diately treated with very dilute hydrochloric acid (three 10-mI portions), pjocya- 
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antibiotic material from acidified cultures ether (matter which is not extracted 
from alkaline cultures b} chloroform), thus confirming the fatty acid hypothesis, 
and the presence of some water-soluble inhibitory substance, not hitherto de- 
scribed, in residues containing the fluorescent pigment 

This last observation is especially significant m view" of the statements 


TABLE 4 


Effect of Ume on ihe antibiotic aciixnfy of culture fraciions 
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(Hcttche, 1932, Schoontal, 1941) that all antibiotic material produced by this 
organism is remo\ cd b'v fat soh ents The substance is heat-stable, and it seems 
likeh that it is identical with the inhibitor produced by other fluorescent bac- 
tena Antibiotic actnity in this group of organisms has been descnbed by 
se\ eral authors Garr^ (18S7) used Pseudomonas putida to inhibit S aureus and 
other organisms, and Frost (1904) found both Pseudomonas jluorcscens and 
Psnidomonas f)uitda bactericidal for Eberlhella (yphosa Lewis (1929) showed 
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tint P Jluorcsccn*i\\as clTcctn c ngnmst sporcformmg soil bacteria and micrococci, 
but not against E colt or ScrraUa vmrcsccns 

THE FFFFCT OF TIME OV PRODUCTIOV OF PIGMENTS AND ANTIBIOTIC ACTIVlTr 

To determine the effect of time on the production of these fractions, cultures 
in gh ccrol broth Mere anah zed after 1, 2, 3, 4, and 10 weeks of incubation The 
results, shoMTi in table 4, indicate that sc\cral changes occur as the tune of incu- 
bation IS increased The inhibition of E coh b} whole cultures and by pyo- 
c\anin decreases rapidly after the third week A comparison of the effect on 



Fig 1 Relation Between Ptogtaxin Content and Age of Culture 
(Oke Per Cent Glycerol Broth Medium) 


this organism with the actual concentration of pj^ocj anin (figure 1) shows a direct 
proportion The actual amount of a-oxj^ihenazme extracted is small and pro- 
portional to the amount of p>oc3’'anm The ether extract, on the other hand, 
shows a growing effectn eness m older cultures An increase m this factor at the 
time when pyoc^’^amn is decreasmg would explam the contmued inhibition of S 
aureus and M smegmaizs b}" whole cultures The actint}" of the fluorescent 
residue is greatest m 3 oung cultures, dimmishmg after the second week. 

SUMMARY 

Pseudomonas aeruginosa produces no pigments m culture media containing 
sufficient glucose (o\ er 1 per cent) to establish and mamtam an acid reaction 
Pyooy anm is profusel3^ formed m potato glycerol broth, and m gtycerol broth both 
P3 0C3’’amn and a fluorescent pigment are produced Enrichment of the medium 




THE I^IODE OF ACTION OF NITROFUR‘VN COMPOUNDS 
II Application of PinsicocncMicM. Mlthods to the Studi of 

AcTIOV AgVIVST STAPinLOCOCCLS AUPEUS 
D L CRAiMER* 

Research of the Eaton LahoratoneSf Noricich, New YorJ 

Rcccncd for publicivtion March 20, 1947 

The first report of this senes called attention to the fact that, of a group of 
\ancd nitrofurins, the 2«(5-nitro)-furaldch>dc scmicarbazone, named "furacm,” 
was distinctly diflcrent from the others m its mode of antibacterial actuit^ when 
tested vnih a coagulase-positnc strain of Staphylococevs aureus (Cramer and 
Dodd, 1945) We ha\ c further c\amined the effect of furacm upon the oxidation- 
reduction potential of growing cultures of a coagulase-positne staphylococcus, 
and also the effect of e\eDtual growth upon the concentration of furacm We 
ha\ e found that a poising of Eh does occur, and that subsequently if growth takes 
place the chemical compound is reduced, undoubtedly at the o-nitro group We 
wish to present data related to these e\ ents, and to discuss the implications with 
respect t-o the vital processes of the bactena 

These data ha\ e been obtained by the application of purely phy sicochemical 
methods, and at least in the instance of the polarographic method of anah sis of 
bactenal cultures, represent an unusual and simple approach to the determmation 
of a smgle constituent in the complex mixture that results from bactenal growth, 
without the necessity of detailed separation procedures 

EXPERBIEKTAL 

The changes of potential occurrmg in growing cultures were measured by means 
of a simple potentiometer, a Leeds and Northrup tyqie Ki (Hewitt, 1936) Elec- 
trodes were made by sealing 22-gauge platmum ware into 2-mm soft glass tubing, 
mercury was used to connect the Ft electrode to the potentiometer circmt The 
culture \essels were 25-mm pyrex test tubes The electrode and an m\erted 
U-tube, the latter to ser\ e as an electncal bndge, were roiled into a cotton plug 
and stenhzed by autoclaving, following which the bridge was filled aseptically 
with a sterile, saturated KCl solution contaimng 3 per cent agar For expen- 
mental observations exactly 25 ml of the medium to be exammed were placed in 
a stenle culture vessel and inoculated wath 50,000 to 100,000 orgamsms per ml, 
and the electrode- and bndge-contaimng plug was inserted The vessel was then 
placed m a water bath at 37 C, the outer tip of the KCl-agar bndge being placed 
m a reservoir of saturated KCl solution Into this reseia oir also was placed the 
side arm of a saturated calomel electrode, and the cell thus formed was connected 
to the potentiometer It was determmed that the calomel half-cell under the 

'The author wiehes to express appreciation for the generous counsel and encouragement 
of Dr M C Dodd throughout the course of this investigation 
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Change in concentrahon of furactn during growth Table 2 and figure 2 show 
current-voltage data for broth — broth in which S aureus has grown fully and 
broth containing furacin at a concentration of 1 100,000 

TABLE 2 


Current-voltage relations for furacin in broth 


EICF , VOLT 

BZOTH 

BKOTH AFTER FULL , 

5 aureus growth | 

FURACIN 1/100,000 JN 
BROTH 

0 0 

-3 3 

-3 1 

-3 3 

0 2 

-1 6 

-1 5 

-1 6 

0 3 

-1 4 

-1 4 

-1 4 

0 4 

-l 3 

-1 35 

-1 3 

0 5 

-1 3 

-1 3 

~0 7 

0 6 

-1 3 

-1 3 

-0 6 

0 8 

-1 05 

-1 05 

-0 35 

1 0 1 

-0 75 

-0 65 

0 0 


-to 


d 

2 ^ 


--20 

i 

3-50 



VOLTAGt 


Fig 2 Polarograms for Broth and 2-(5-Nitro) Furaldehtdb 
SEinCARBAZONE IN BrOTH 

-O — O- broth 

-H — 11“ 2-(5“mtro) furaldehyde sermcarbazone in broth, concentration, 1 100,000 


The effect of added furacin is obvious The average difference in the diffusion 
current at ^0 8 volts due to the presence of 1 100,000 furacin is 0 7 /xa, i e , 
A id° ® = 0 7 /la ~ 1 100,000 Similarly, ue have determined that for a concen- 
tration of 1 50,000 A Id® ^ = 1 4 jua, and for 1 25,000 A id® ^ = 2 75 pa Thus, 
for this range of concentration, the amount of furacin is a linear function of 
A Id® ® The average \ alue for the dilution of furacin producing A id® ® = 1 pa 
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under these condihons is 1 70,000 This is the quantitative analytical basis for 
estimating fiiracin in baclerml cultuic media 
Table 3 shows represent at nc data for the amount of furacm remaining in a 
culture of S aureus growing in the presence of 1 100,000 furacm, visible growth 
indication is also included 


TABLE Z 

Changes %n concentration of furacm dunng growth 


(Imtial concentration furacm « 1 100,000) 


Homs AJTOt XKOC 

A 

BESiDUAL rcrttAcm 

visiBi.r CKowrn 

0 

0 7 

% 

100 ! 


2 

0 7 

100 

— 

4 

0 7 

100 

— 

6 

0 65 

i 93 ! 

— 

8 

0 55 

i 79 

— 

10 

0 60 

i 71 

— 

12 

0 45 

65 

trace 

15 ! 

0 25 

36 


18 

0 15 

21 

++++ 

24 

0 10 

14 

++++ 


DISCUSSION 

It has long been known that m broth S aureus has a lag period of 1 to 2 houis, 
follow ed by a rapid groivth that is complete in 8 to 9 hours The effect of furacm 
m a concentration of 1 100,000 is to prolong the lag period, m this case the pro- 
longation being at least 6 to 7 hours We have now demonstrated that during 
this prolonged lag the Eh of the culture remains poised Moreover, during subse- 
quent growdh, furacm disappears 

The poising of potential, followed by what seems to be a normal drop m Eh, 
confirms our previous conclusion (Cramer and Dodd, 1945) that the only effect 
observable m population curves of this particular drug-orgamsm combination 
occurs durmg the lag phase It may well be that the poising of the Et at a point 
unfavorable to growth is the primary cause for bactenostasis, m Ime with the 
suggestion of Dubos (1929) concernmg crystal violet 

It IS also apparent that an induction penod is necessary before the reduction 
of the 5-nitro group of the furacm molecule occurs (table 3) With furacm at a 
concentration of 1 100,000 the organism under these conditions has a lag period 
of 8 to 9 hours Reduction, however, is initiated 5 to 7 hours after inoculation, 
and at 9 hours is approximately 25 per cent complete This suggests that reduc- 
tion IS initiated shortly before the lag period is ended This would appear to 
mdicate that at least the initiation of reduction may be necessary before growth 
can take place, and may signify that furacm must be reduced below a critical 
level before growth starts 
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In a pre\ ions p^per A\e described the gro^s appearance of penicillin assay plates 
after chemical treatments \Nhich re\eal sharp boundaries around the zones of 
inhibition (Dufreno> and Pratt, 1947) Most of the tests that were desenbed 
are cffectne following exposure of the test organisms to penicillm for periods as 
short as 2 to 3 hours, i e , before zones of inliibition are discermble on untreated 
plates Se\eral of the tests maj find application as rapid c^dinder plate assay 
methods (Pratt and Dufrenoy, 1947) The sharp delineation of the inhibition 
zones was interpreted as an expression of a threshold effect, positive reactions 
for — SH groups and for OH==C — C==OH groups were obtained outside the 
zones of inhibition, but not inside The e\ idence suggested an increase of rH 
withm the zones and that this increase w as correlated wnth inhibition of dehy- 
drogenase systems Smee there is strong e% idence in the literature that dehy- 
drogenase activity depends on the structural integnt}’' of the microorganism 
(Guggenheim, 1945), it seemed of interest to stud}" the changes m response to 
vanous reagents in different parts of the cells of test organisms folloinng ex^posure 
to penicillin In this paper cytochemical structure wuU be mterpreted from 
microscopical study of living cells of Staphylococcus aureus treated with vital 
stams, and from obser\"ations made after treatment of the orgamsms wTth various 
other chemical reagents Our experimental data confirmed the data available 
m the hterature to the effect that the part within the livmg cells of Staphylococcus 
aureus w hich responds most evidently to vanous reagents represents the vacuolar 
materials 

The accumulation of vital d}es in the acuole maj be correlated wath the pres- 
ence and nature of phenolic compounds wathm the ^ acuolar solution m a twofold 
manner first, because phenolic compounds, and in general dienol compounds, 
pla}" a fundamental role in the respiratory systems providing the energy for active 
absorption, secondly, because some actual Imkage may occur Historically it 
may be noted that as early as 1900 Nakanishi recognized that hvmg and dead 
staphylococci respond differentl}" to staining with meth 3 dene blue 

Imsenecki (1946) has pointed out that “many authors, Piekarski, Peshov, 
Robmorv, — ^found in long cells of Proteus vulgaris^ chromophilic granules which 
they regard as nuclei the structures mistaken for nuclei are polar granules, 

^ The execution of the work reported in this paper was made possible by a generous re- 
search grant from the Cutter Laboratones, Berkeley, California 

* With the Laboratory Assistance of Toime Juntunen 
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cal process entailing expenditure of energy that is derived from respiration, as 
respiration becomes unbalanced, the vacuolar solution not onl}'' becomes unable 
to absorb materials from the external enviionment, but even becomes unable to 
retain the solutes it already contains Thus its solutes are free to seep out This 
condition, which is one of the early symptoms of the effect of penicillin on suscep- 
tible cells, occurs concomitantly vuth the disorganization of the cellular nucleo- 
proteins and the liberation of lipids and fatty acids 

The disorganization of cellular constituents is notably revealed b}^ the “lipo- 
phanerese,^^ defined by Lison (1936) as the unmasking of the reactive groups of 
the fatty components from the liponucleic complex Hurst (1945) pertinently 
remarked that “lethality usually involves an irreversible increase m phenoloxi- 
dase activity, produced by the displacement of protective lipoids from the tissue 
receptors ’’ 

Data previous!}" reported from assay plates (Dufrenoy and Pratt, 1947) dem- 
onstrated that bacteriol3diic or bacteriostatic effects of penicillin aie correlated 
with a mlative mciease of phenoloxidase activitj" that occurs concomitantlj" with 
an inactivation of dehydrogenase sj^stems This inactivation may be cyto- 
chemically visualized as resulting from displacement of the protective lipoids 
from the lipoproteins m the dehydrogenase systems 

In the present investigation it has been shown expenmentall}" by ev idence from 
standard 16-hour assay plates tieated with appropriate reagents (Nile blue, 
copper acetate, or fat-soluble dyes) that lipids are displaced from cells undergoing 
lysis in the inhibition zones surrounding cylinders containing solutions of peni- 
cillin rangmg in concentration fromO 25 to 8 units per ml, and that the liberated 
lipids are hydrolyzed into fatty acids It is w"ell known that basic dyes w hich are 
able to combine with fatty acids form soaps w^hich hav e the color of the salt of 
the dye The sharpest response was obtained wuth Nile blue, which ICnaysi 
(1941) recommended for the discrimination of neutral fats from fatty acids 
When standard 16-hour assay plates are flooded for 1 minute with a saturated 
aqueous solution of Nile blue, and then are iinsed wnth distilled water, normal 
colonies (uninhibited areas of the plates) stain a deep blue and stand out 
boldly from the agar substrate Wfliere 1} sis has occurred, within the zones of 
inhibition, a purple color develops This area of I3SIS is suriounded by a clear 
blue rmg correspondmg to the region of enhanced growth just beyond the 
threshold of bacteriostatic concentration of penicillm 
A com ergent hne of evidence that fatty acids are liberated at the site of bac- 
teriolysis IS furnished by flooding 16-hour assay plates with a saturated aqueous 
solution of copper acetate and further incubatmg them for 6 hours at 37 C 
When this is done, a thick, opaque layer of bluish copper salts of fatty acids 
develops covering entirely the areas of the inhibition zones The areas of un- 
inhibited growth do not appreciably react with the reagent The reactive and 
nonreactive regions are sharply delmeated 
Further support for the conclusions drawm from the results obtained with 
Nile blue and copper acetate was provided by experiments wnth FD and C yellow 
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no 3,® a fat-bolublc djc nlnch stains neutral fat a bright 3 ’'ello\v and imparts a 
deep orange color to fatt 3 acids Plates flooded nith a saturated solution of the 
d^c in mctliylnl de\clop a l)nght orange coloi where lysis has occurred Each 
zone of h SIS IS surrounded b\ a bright j^cIIom ring delineating the region of en- 
hanced growth 


DISCUSSION AND CONCLUSIONS 

In preMOus papers {loc cil ) we demonstrated that suitable reagents applied 
to penicillin assay plates under appropriate conditions sharply delineate the 
gcneial background of uninhibited grow th fi om the zones of inhibition surround- 
ing cjdinders containing penicillin The results were interpreted as evidence of a 
threshold for — SH \ s S-S groups or for dienols \ s diketones in the uninhibited 
and inhibited areas It has been known for some time that — SH groups are 
essential metabolites for Staphylococcus aarcus and that the blocking of — SH 
groups inhibits the growth of the staphylococci (Fildes, 1940) Our experi- 
mental data from cjdmder plate assays, therefore, suggested that penicillin may 
act tlirough this mechanism, i e , b 3 ’' blocking — SH groups, thus lending biologi- 
cal support to the chemical o\ idence presented b3'’ Ca^ allito (1946) 

We have also observed (unpublished expenments) that after exposure to bac- 
teriostatic concentrations of penicillin cells of S aureus are no longer gram-posi- 
ti\e This result is consistent with the findings of Henry and Stacey (1946) 
concerning the significance of the — SH group m the gram-positive complex 
Further evidence that — SH groups may be involved m the interference of peni- 
cillin ^vlth the growth of S aureus can be marshaled from the observation of Gale 
and Taylor (1946) that penicillin prevents the assimilation of glutamic acid, 
one of the constituents of glutathione 

In the present paper discussion is confined to phenomena that are revealed by 
staining and that may be considered to be incidental to changes affecting the 
sulfhydryl compounds Active absorption of solutes by living cells may be 
assumed to entail expenditures of energy provided foi by aerobic respiration 
which depends upon the c 3 d;ochemical integrity of liponucleoproteins in\ olving 
— SH Therefore, interference of penicillin with — SH components of the re- 
spiratory systems might be postulated to effect (1) changes m the rate of absorp- 
tion of solutes, and (2) swelling of the organisms coincident with the disorganiza- 
tion of the liponucleoproteins and liberation of iipids and fatty acids 

The results of our experiments tend to support these hypotheses Our evi- 
dence obtained from vital staining of cells of 8 aureus fn situ on the assay plates 
or after transfer from different regions of the plates to a drop of the dye solution 
on a slide shows that, following exposure to bacteriostatic concentrations of 
pemcilhn, the cells lose their ability to accumulate neutral red, methyl green, 
or meythlene blue ivithin the vacuolar solution, and that they swell to at least 
twice their original diameter Evidence was also obtamed that concomitant 

'•Sold by National Aniline Division, Allied Chemical and D>e Corporation, Buffalo, 
New York 
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With or subsequent to the swelling of the cells, fatty acids appear These may 
account for the downward shift of pH revealed by the use of indicators (Dufrenoy 
and Pratt, 1947) 

The c}iiological observations reported m this paper are mainly from plates 
seeded and preincubated for 3 hours on which penicillin was subsequently allowed 
to diffuse durmg a 3-hour secondary incubation period, since m that short time 
bacteriostatic effects were obtained vuthout extensile bacteriolysis m the in- 
hibition zones The standard 16-hour plates vere not used routinely for the 
cytological observations, since, because of the extensile bactenolysis that 
occurred in that length of time, it was difficult to find material suitable for study 
The 3-hour technique descnbed above more readily proi ided cells appropnate 
for our different studies The longer diffusion penod, on the other hand, was 
found to provide the best material for the study of lipids and fatty acids arising 
from bacteriolysis 


SUMMARY 

In contmuation of work previously reported, studies of penicillin assay plates 
have been made by means of techniques intended to delineate the cjdiocherQical 
picture that develops on such plates when the test organisms are subjected to the 
action of peniciUm 

The present paper concerns cytochemical changes that occur m different parts 
of bacterial cells exposed to bacteriostatic or bactericidal concentrations of 
pemcilhn 

The first evidence of the effect of pemciUm on Staphylococcus aureus was ob- 
served to be the failure of the dividing organism to apportion vacuolar material 
to daughter cells 

This was followed by failure of the vacuoles to retain material normally 
encompassed therem 

These changes were manifest in cells under the influence of pemcilhn, first 
by loss of the ability to accumulate ^ntal d 3 "es in the \ acuolar solution, and second 
by dispersion of the \ acuolar solution, onginall} located in a central bodj^, toward 
the periphery of the swellmg cell 

This results, m such cells, m diffuse stainmg with vital djes, with a relatively 
high concentration of the dye at the peripher 3 of each cell 

The use of appropriate reagents showed that hpids are displaced from cells 
undergomg lysis under the influence of penicillin and that the liberated lipids 
are hydrolyzed into fatty acids 
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The role of vitamins in the nutrition of microorganisms is well known In 
manj eases the accessor}’' growth factor functions as a coenzyme, apparently 
being little affected itself m the process In dnect contrast to this function is 
the fact that at least some of the vitamins may be attacked and decomposed 
(either partinll} or completely) by certain microorganisms In this case the 
Mtamin serves as a substrate for the particular enzymes of the cell involved, 
the resulting decomposition yielding energy and materials for possible use by 
the cell m its vanous metabolic activities Relatively little is knovm regarding 
the dissimilation of accessor}’' growiih factors, but that such can occur is not 
surpnsing m view of the wide vanety of organic compounds that are subject to 
the action of microoiganisms Certainly, such information would lead to a 
better understanding of the metabolism of these vutal substances, especially 
their bios}Tithesis The hterature on this subject has been reviewed by Koser 
and Baird (1944) 

The present work was undertaken with the thought that information com 
cermng the metabolism of pantothemc acid could be gained if it werepossible 
to find microorgamsms capable of decomposing this substance Such micro- 
organisms were found m soil and air (belongmg to the genus Pseudomonas), 
and their action on pantothemc acid is desenbed 


EXPEHIMENTAL PROCEDURES 


Media and methods The experimental work resolved itself mto two main 
portions, one bemg concerned with the decomposition of pantothenic acid in 
cultures of growing orgamsms and the other with decomposition of this substance 
by resting or washed cells In the former, a simple medium contaimng pan- 
tothenate as the only carbon source w^as used extensively This medium, 
contaimng the basal salt mixture of Koser and Baud (1944), had the following 
composition 


(NHOjHPO^ 

KH2PO4 

NaCl 

MgSO* 

Pantothenate 

Distilled HaO 


20g 

1 5 g 
6 Og 
0 Ig 
0 1 to 1 0 g’ 
1,000 ml 


* Calcium pantothenate was commonly used m a concentration of 0 01 per cent because 
of the increasingly heavy precipitate formed with larger amounts Sodium pantothenate* 
was used in a concentration of 0 1 per cent 


^ Abstract of thesis presented in partial fulfillment of reqmrements for the Ph D degree 

* Present address Lederle Laboratories Division, American Cyanatnid Company, 
Pearl River, New York 

• Kindly supplied by Dr A C Bratton, Jr , Parke, Davis and Company, Detroit, Mich 
igan 
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The pH of the medium was adjusted to 7 5 to 7 8 and autoclaved at 15 pounds^ 
pressure for 10 nunutes This medium will be referred to hereafter as pan- 
tothenate broth, the correspondmg agar (pantothenate agar) bemg prepared 
by adding 1 6 per cent agar to the broth 

Eesults mvolvmg turbidimetnc measurements were obtained with a lumetron 
model 400 G photoelectnc colonmeter (wave length 530 m/x) 

Manometnc experiments were earned out m the conventional manner, using 
the Warburg techmque Dupheate vessels, mamtamed at 30 C dunng expen- 
ments, were used m all cases, and to each were added 1 0 ml of m/20 phosphate 
buffer at pH 7 7, 1 0 ml of washed cells, and 0 5 ml of the substrate (m the side 
arm), m addition to KOH or H2SO4 

Restmg cells were obtamed by growmg the orgamsms on 0 1 per cent pan- 
tothenate plus 0 2 per cent asparagine agar (asparagme mcreased the yield of 
cells while not affectmg pantothenate utihzation) m K0II6 bottles for 48 hours 
at 33 C The resultant growth was then washed from the agar with m/ 60 buffer 
(in most cases a phosphate buffer at pH 7 7), and the suspension was filtered 
through a thm layer of glass wool and centrifuged After a second centnfugation 
m graduated centrifuge tubes, the packed cells were diluted 1 30 with the m/60 
buffer, and this suspension was standardized for each experiment m the lumetron 
colonmeter The vanous substrate solutions were carefully prepared and kept 
m the frozen state until used 

Isolation and identification of organisms Vanous samples of soil were assayed 
for their content of pantothenate-utihzmg orgamsms by means of two enneh- 
ment methods The methods were essentially the same, except in one case 
pantothenate was added, at intervals, to moist soil, and in the other a small 
amount of soil was added to pantothenate broth In both cases, repeated 
subcultures in pantothenate broth, combmed with platings on pantothenate agar, 
tended to eliminate nonutihzing organisms, at the same time yielding a total of 
six pure cultures of bacteria that were capable of continued growth in 
pantothenate broth These organisms were considered to be pantothenate 
utilizers (they showed httle or no growth m the same medium without pan- 
tothenate) and were designated, according to their isolation numbers, as cultures 
135, 401, 512, 513, 701, and 702 Three additional bactena that could utihze 
pantothenate were obtamed by allowmg flasks of pantothenate broth to stand 
open m a laboratoi^^ room for several days These were designated as cultures 
2, 8, and 11 

All mne cultures were penodically checked for punty, were transferred weekly 
in pantothenate broth and onto pantothenate agar slants, and were kept at 
33 C at all tunes Reserve snpphes of active and dned cultures were also mam- 
tamed 

Attempts to isolate thermophihc pantothenate-utihzmg orgamsms failed 

Partial identification of these organisms was accomplished All of the cultures 
were stnkmgly alike m all of their characteristics they were gram-negative, 
aerobic, motile, nonsporefonmng, nonpigmented, nongranular, short to mediuEa 
rods, they utihzed glucose, sucrose, maltose, lactose, and manmte without acid 
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or gns, tlicy ^\cro indolo-ncgativo and mclhyl-rcd- and Voges-Proskaucr-negative, 
they Mere non-gclatm-hqucfjnng, they reduced htmus milk with an alkaline 
reaction, they produced H;S in small amounts, and si\ cultures reduced nitrate 
(five to nitntes and one to free nitrogen) Nutrient agar plate colonies were 
smooth, shinj', and grajash in color These charactcnstics tend to place these 
organisms in the family Pscudomonadaccac (see references by Koser and Baird, 
1944, Monias, 1928, Berge 3 ct al , 1939) Flagellar stains of cultures 11 and 512, 
with nhich most of the experimental i\ork was done, shoned that both had polar 
flagella only (Leifson’s BBL flagellar stain) These organisms, therefore, have 

TABLE 1 


Effect of temperature on ffrowlh of Pseudomonas sp 




nAcrttiAt COUNT, rcR ml 

cwtxrax. 

ACC 

0 01% Ca pantothcnaie broth 

Salt mixture, 
no pantothenate 



25 C 

ssc 

3JC 

11 

htvn 

0 

100,000 

80,000 



24 

920,000 

3,200,000 



4S 

23,000,000 

19,600,000 

35,000 


72 

491,000,000 

403,000,000 

43,000 


96 i 

500.000,000 

480,000,000 

50,000 


144 1 

450,000,000 

325,000,000 

47,000 

512 

0 i 

207,000 

312,000 

50,000 


24 1 

1,980,000 


65,000 


48 ; 

42,600,000 




72 ] 

520,000,000 




96 1 

783,000,000 


135,000 


144 I 

700,000,000 


134,000 


been designated as Pseudomonas sp , further classification bemg deemed not 
only unnecessary but unwise 


BESULTS OF EXPERIMENTS WITH GBOmNG CELLS 
Growth in pantothenate broth The effect of certain factors on the growth of 
Pseudomonas sp in pantothenate broth was determined, mainly to arnve at 
optimum conditions for later work 

From table 1 showing the nutnent agar plate counts obtamed with two 
typical cultures, it is obvious that temperature did not have much influence on 
growth m calcium pantothenate broth in the range of 25 to 33 C Also, a 
prolonged lag phase was exhibited m this medium, rapid multiplication occurrmg 
only after 24 hours and contmmng up to 72 hours Little or no growth took 
place in the basal salt mixture without pantothenate, indicatmg that 
pantothenate was in fact bemg utihzed for growth purposes The low zero 
hour count in this medium was due to the fact that these tubes were inoculated 
from a subculture of the same medium to avoid carrying over pantothenate 
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The influence of pH on growth was determined by adjusting calcium pan- 
tothenate broth to vanous pH values (5 2, 5 5, 6 0, 6 5, 6 8, 7 2, 7 5, 7 7, and 8 0) 
vath 0 5n HCl and 0 5n NaOH, the final concentration of pantothenate bemg 
0 01 per cent in a total volume of 8 0 ml of medium The mcubation temper- 
ature was 33 C, and growth was detenruned everj^ 24 hours with the lumetron 
colorimeter The moculum per experimental tube, which vas the same in 
other experiments unless otherwise stated, was 0 1 ml of a 72-hour pantothenate 
broth culture mcubated at 33 C The results showed that all of the cultures 
responded similarly to vanations m pH, the optimum for each being approxi- 
mately 7 7 A quite rapid fall m turbiditj’ occnrred in the less alkalme media 

TABLE 2 


Effect of pantothenate concentration on grov^th of Pseudomonas sp 


CULTURE 

CONCENTEATIO'J OF PAKTO- 
THZNATE 

TTJSBIDrrY EEADIHCS 


ug/ml 

3 da.'^s 

7 days 

11 

0 

98 5 

97 


100 

70 

67 


500 

63 

61 


1,000 

56 

52 


5,000 

58 

54 


10,000 

60 

54 

1 

100,000 

73 

63 

512 

0 

1 96 

1 94 


100 

75 

! 73 


500 

1 

65 


1,000 

60 

59 


5,000 

1 63 

! 60 


10,000 

68 

63 


100,000 

79 

66 


(no growth took place below pH 5 5), and a sbght decrease was obseix’^ed also 
at pH 8 0 After 168 hours the pH of each medium was within 0 1 to 0 2 of a 
pomt of uninoculated controls, mdicatmg that this factor (i e , a change m pH 
dimng growth) would have no effect on growth 

To determine the optimum concentration of pantothenate for growth, sodium 
pantothenate in amounts of 0, 100, 500, 1,000, 5,000, 10,000, and 100,000 pg 
per ml was added to the basal salt mixture, and turbidity readmgs were made 
after 3 da 3 "s’ incubation at 33 C and agam after 7 days It was found that 
1,000 pg per ml was optimum for both of the cultures studied, although 5,000 pg 
per ml was practically as effective (table 2) Larger amounts of pantothenate, 
especially 100,000 pg per ml, were definitely inhibitory to growth, although not 
completely so 

Another experiment showed that growth m pantothenate broth was the same 
whether the pantothenate was added to the medium before autoclavmg or 
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%\hcthcr a filtered solution of pantothenate was added aseptically to the auto- 
cla^cd basal salt mixture The addition of certain inorganic salts (ZnCh, 
CaCb, MnCh, and FeSOO did not improve nor impair growth in pantothenate 
broth 

Two analogues of pantothenic acid, pantoyltaunne^ and d^N-pantoybn- 
but>laminc,*^ were studied for their effect on the growth of Pseudomonas sp m 
pantothenate broth It was found that the former could support growth when 
used m a concentration of 10,000 jxg per ml m the absence of pantothenate but 
not to the same extent as did the same concentration of pantothenate in the 
absence of pantoyltaunne ^^^len both substances were present m the same 
medium, growth was considerabh less than that in a medium which contained 
onb’' pantothenate, unless the concentration of pantothenate was equal to or 
greater than the concentration of pantoyltaunne Use of the same procedure 
wnth dJ-N-pantoyhn-but 3 1 amine, re\ ealed that this substance (m a concentration 
of 10,000 Mg per ml) did not support growi,h, nor did added pantothenate cause 
growth unless an excess was present With the reverse procedure (i e , varying 
the concentration of the analogue and holdmg the pantothenate lex el constant) 
essentially the same relationship between these substances was noted It is 
obvious that these results demonstrate a competitive tyqie of inhibition 

Groiclh tn modified pantothenate hroth To determine whether the components 
of pantothemc acid could be utihzed lor the growth of Pseudomonas sp , vanous 
media were made up as follows )3-alanuie broth (40 pg and 300 Mg per ml), 
a-hy^droxy-i^jjS-dimethyl-Y'butyTolactone® broth (60 Mg and 300 Mg per ml), 
a,7-dihydroxy>)5,)3-dimeth3l-butync acid (pantoic acid) broth (60 Mg and 300 Mg 
per ml) , and vanous combmations of these media Pantoic acid was prepared 
from the lactone according to the method of Sarett and Cheldelm (1945) These 
media were prepared as usual except that pantothenate was replaced by the 
compound or compounds under study^ m the concentrations mdicated All nme 
cultures were used m these tests, and the results were obtamed by visual obser- 
vations of turbidity It was foimd that both ^-alanme and pantoic acid sup* 
ported growth, the amount of growth increasmg m each case as the concentration 
of the substrate was increased When combmed, these substances gave growrfch 
approximately equal to that m control tubes of pantothenate broth In no 
instance did the lactone support growth of any of the cultures, nor did it mcrease 
the effectiveness of ^-alamne broth It seems obvious that these organisms were 
unable to break the lactone rmg, but when this structure is ruptured (as m 
pantoic acid) the compound could be utilized 

In another experiment, it was found that growth m pantothenate broth was 
not affected by removing (NH 4 ) 2 HP 04 from the basal salt mixture By also 
excluding atmosphenc nitrogen, it was apparent that these organisms could 

* Kindly supplied by Dr F A Robinson, The Glaxo Laboratones, Ltd , Greensford, 
Middlesex, England 

® Kindly supplied by Dr William Shive, Umversity of Texas, Austin, Texas 

* Kindly supplied by Dr D F Robertson, Merck and Company, Inc , Rabway, New 
Jersey 
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deaminate )3-alamne as a source of nitrogen The salt was retamed, however, 
as an extra nitrogen supply 

The effect of added nutnents upon the growth of Pseudomonas sp in panto- 
thenate broth was studied in order to try to improve the 3ueld of bactena for 
future work mvolving washed cells Difco asparagine (0 2, 0 4, and 0 6 per 
cent) and smaco acid-hydrolyzed casern (0 5 per cent) each greatly unproved 
growth of five of the cultures tested, as determined by visual turbidity As 
was shown next, however, casein hydrolyzate “spared” the pantothenate, to a 
large extent, from being acted upon, whereas asparagme did not 

Destruction of pantothenate during bacterial grouth In order to prove that 
pantothenate was actually bemg decomposed dunng growth of these Pseu- 
domonas cultures and to determme the rate of this decomposition, microbiological 
assays for pantothenate were earned out by the method of Skeggs and Wnght 
(1944) With 0 1 per cent sodium pantothenate broth, it was foimd that all 
mne of the cultures had destroyed 100 per cent of the substrate within a growth 
period of 72 hours at 33 C After 24 hours, cultures 11 and 512 (the only ones 
tested) had destroyed 20 per cent of the pantothenate 

To detenmne the effect of added nutnents upon the destruction of panto- 
thenate, 0 2 per cent asparagine and 0 5 per cent casein hydrolyzate were added, 
respectively, to pantothenate broth The media were inoculated with cultures 
11 and 512, and the contents of each were assayed for their pantothenate con- 
centration after 24 and 72 hours’ mcubation at 33 C The results with as- 
paragme were the same as those obtained m its absence, but with casern 
hydrolyzate no breakdown was detected with either culture at 24 hours, and at 
72 hours less than 50 per cent decomposition of pantothenate had occurred 
Therefore, the use of casern hydrolyzate was discontmued, but asparagine was 
later incorporated m pantothenate agar for the production of washed cells 

Survey of other microorganisms for pantothenate utilization It was of mterest 
to determme whether vanous representative stock cultures of bactena or fungi 
possessed any native abihty to decompose pantothemc acid The methods used 
seemmgly afforded the imcroorganisms optimum conditions for attacking 
pantothenate, but m all cases the results were negative Therefore, for brevity, 
the details of this work will not be described It is reasonable to assume, how- 
ever, that m nature many of these same imcroorganisms may play an active 
role m decomposmg pantothenate, havmg lost this function on repeated transfer 
m the laboratory 

RESULTS OF EXPERIMENTS WITH RESTING CELLS 

Deamination and Thunherg studies An mvestigation into the deamination 
of pantothenate was performed by addmg 1 0 ml of washed cells (preparation 
previously explamed), 1 0 ml of m/20 phosphate buffer at pH 7 5, and 3 0 ml 
of m/50 substrate to dupheate test tubes and determinmg ammoma production 
with Nessler’s reagent after mcubation penods of 2, 6, and 24 hours at 33 C 
It was found that pantothenate was deanunated and that the reaction 
progressively mcreased from 2 to 24 hours, meamng that the /3-alamne portion 
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of pantothenic acid ^^as actually the substance being acted upon A similar 
expenment \v\i\i /5-alatuno did, in fact, give the same results as were obtained 
with pantothenate Also, similar results were obtained with di-alamne, this 
substance being included to determine the specificity of the deaminase These 
findings arc m agreement vith other reports (Stephenson, 1939) that pseu- 
domonae can dcaminatc \ anous ammo acids 
Preliminary to carrjang out manometne expenments, it was of interest to 
determine whether a representative culture, culture 11, could reduce methylene 
blue with /9-nlaninc, pantoic acid, pantoyWactone, and pantothenate as sub- 
strates The usual Thunberg technique vas used, in vhich 1 0 ml of washed 



Fig 1 The Oxidation of Pantothenate by Pseitdomonas Sp , CuLTimB 11 

cells, 1 0 ml of m/20 phosphate buffer at pH 7 5, 0 5 ml of 1 10,000 methylene 
blue, and 0 5 ml of m/50 substrate were placed m duplicate Thunberg tubes, 
the tubes evacuated, the cells tipped m from the side arm at the zero time, and 
the tubes meubated at 33 C and observed visually at S-mmute mtervals for 
decolonzation It was found that the methylene blue was completely de- 
colonzed in 65 minutes with pantothenate as the substrate, in 80 minutes with 
j8-alamne, and m 75 nunutes with pantoic acid Tubes contaimng the lactone 
remained blue for a much longer period of time, decolorizing at the same rate 
as the controls 

Warburg studies, oxidation of pantothenate From the foregoing experiment, 
it was expected that pantothenate would be readily oxidized in the Warburg 
apparatus This was found to be true, and the oxidation of vanous concen- 
trations of pantothenate by culture 11 is shown in figure 1 It is apparent that 
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M1NUTE5 

Fig 2 The Oxidation ofJii/600 Pantothenate bt Adapted and Unadapted CEiiLs of 

Pseudomonas Sp 



Fig 3 The Effect op pH on the Oxidation op m/50 Pantothenate by Pseudomonas 

Sp , Culture 11 

the reaction with m/ 500 and m/ 1,000 substrates reaches completion in approxi- 
mately 70 minutes, at which time about 50 per cent of the total oxygen (theo- 
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rcticTl) needed for complete combustion has been used Although carbon 
dioxide cur\^cs were not established, it was found that after 70 minutes a total 
of 90 mm® of this gas had been evolved from m/ 500 pantothenate, this being 
equivalent to 4 molecules of carbon dioxide Since the oxygen consumption of 
this substrate was equal to 6 molecules, the respiratory quotient (R Q ) at 60 
per cent oxidation was 0 80 as against a theoretical R Q of 0 90 for complete 
combustion 

Cultures 512 and 702 required 120 and 200 minutes, respectively, to achieve 
50 per cent oxidation of m/ 500 pantothenate, but it is noteworthy that they, too, 
eventually completed the reaction at the same end point as did culture 11 Of 
the three, only culture 702 exliibited any sigmficant lag penod at the begmmng 
of the reaction The endogenous respiration, especially of culture 11, was 
rather high, but attempts to lower it, such as aeratmg the cells fori hour pnor 
to use, were not successful In all cases corrections for the blank were made 
smee it has not been definitely established that endogenous respiration is sup- 
pressed in the presence of a readily utilizable substrate, although such may be 
the case 

The adaptive nature (Dubos, 1940) of the enzymes involved was shown by the 
fact that 48-hour nutnent agar cultures (unadapted) were much less active than 
were adapted cultures which had been mamtamed on pantothenate agar (figure 
2) Three transfers of the unadapted cultures on pantothenate-asparagme agar, 
however, fully adapted them for the utihzation of pantothenate 

A study mto some of the factors which might influence the oxidation of 
pantothenate revealed that the optimum pH was around 7 7 (figure 3) m/50 

substrate was used m this experiment so that any difiPerences m activity at the 
vanous pH levels would be magnified An mtensive study mto the effect of 
temperature on the oxidation of pantothenate was not made, but it was found 
that an mcrease to 38 C (all experiments were conducted at 30 C) neither affected 
the rate nor the degree of the reaction It was also found that the enzymes 
mvolved in the oxidation were stable for at least 10 days when stored (in the 
form of packed cells) in the refngerator (not frozen) Thus, washed cells 
were usually prepared a day before use and stored m the packed state overnight 
m the refngerator Also, it was revealed that physiologically young cells (48 
hours) were much more active than 96-hour (or older) cells This was expected 
but, unfortunately, o^vmg to insuflBcient yield, 24-hour cells could not be used 

Vanous attempts to explain the incomplete oxidation of pantothenate were 
unsuccessful and, without going mto the details of this work, it may be said that 
the only logical explanation for this phenomenon was that a reaction of oxidative 
assimilation was occumng, the nature of which will be bnefly discussed later 

A survey of four nutnent agar stock cultures of bactena, namely Eschenchta 
coh-commumoTj Proteus vulgans, Acetohacter suioxydans, and Pseudomonas 
aeruginosa showed that the first three had absolutely no activity on m/ 50 panto- 
thenate, and P aeruginosa had only a veiy minimal activity, which was not 
increased by three transfers on pantothenate-asparagme agar 

Expenments with pantothenate analogues showed that m/50 dZ-N-pantoyl-n- 
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oxidation of these substances may be represented by the following balanced 
equations 


C3H,02N + 2 O 2 

/3-alarune 

= 2 CO 2 + H,0 + NHa + (CH 2 O) 

(1) 

CeHijO^ + 3O2 

= 2 CO 2 “b 2 H 2 O "b 4(0020) 

(2) 


pantoic acid 

CsHnOsN + 5 O 2 + H 2 O = 4 CO 2 + 3 H 2 O + NHs + 5(CH20) (1 + 2) 
pantothenic acid 

Attempts to show a 100 per cent decomposition of pantothenate with other 
enzyme inhibitors were imsuccessful Monoiodoacetic acid (m/5,000 and 
m/50,000) greatly inhibited the oxidation of m/500 pantothenate, whereas sodium 
azide gave results very similar to those obtamed with KCN, but in different con- 
centrations Endogenous respiration was not sigmficantly affected by any of the 
inhibitors 

TABLE 3 


Comparahve results of oxygen consumption and carbon dioxide evolution unth and 
unihout potassium cyanide {M/lOftOO) 


EtTBSTSATS 

OXYGEN 

CAXBON DIOXIDE 

SQ 

No KCN 

With KCN 

No KCN 

With KCN 

No 

KCN 

With 

KCN 

mm* 

mol 

mm* 

1 

mol 

mm* 

mol 

mm* 

mol 



m/500 Pantothenate 

no 

5 

176 

7 8 

90 

4 

146 

6 5 



m/600 /9-Alanjne 

45 

2 

54 

2 4 

45 

2 

54 

2 4 



m/500 Pantoic acid 

66 

3 

112 

6 0 

45 

2 

88 

3 9 

0 67 1 



DISCUSSION 

The results of this study agam tend to emphasize the imcrobic decomposition 
of vitamins m contrast to their usual role as accessory growth factors It is 
striking that most of the studies of this nature have been done with pseudomonae 
and of significance that m each case the orgamsms were isolated directly from 
soil or other natural habitats, undoubtedly mvolvmg a process of natural adap- 
tation What importance these studies have in relation to the decomposition of 
vitanuns in the human intestmal tract is unknown 

In the present studv it was foimd that the lactone moiety of pantothemc acid 
could neither serve as a growth substrate nor as an oxidizable substrate for Pseu- 
domonas sp , whereas its hydrolyzed counterpart, pantoic acid, was readily uti- 
lized by both growing and resting cells This is interestmg m view of the fact 
that Stansly and Schlosser (1945) reported that pantoic acid is more readily 
utilized than is the lactone for the S3mthesis of pantothemc acid by Escherichia 
colt They stated that pantoic acid is the probable precursor in the biological 
synthesis of pantothemc acid, rather than pantolactone 
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Although the c\ndcncc poinls undeniably to a process of oxidative assinulation 
in the decomposition of pantothenate, it is true that a carbohydrate has not been 
actuallj demonstrated Giesbcrger (1936), in similar expenments, did show an 
increase m the volutin content of Spinllnm serpent, but most mvestigators have 
not studied this particular problem in detail Suffice it to say that, knowing all 
of the facts, no other logical explanation of the phenomenon is possible 
It IS reahzed that activel}"’ proliferating cells may not act m the same manner on 
pantothenate as do resting cells, but no attempt was made here to determme this 
relationship Whelton and Doudorff (1945), however, did show that both types 
of cells of Pseudomonas saccharophila assimilated some substrates m essentially 
the same manner and other substrates m quite a different manner 
From the results obtained here, it appears that the carbohydrate substance 
produced during the oxidation of pantothenate is formed with great economy by 
the bacterial cells, approximately 55 per cent of the carbon of the substrate be- 
ing assimilated In similar studies, Barker (1936) found that the alga, Prototheca 
zopfif com erts from 50 per cent to more than 80 per cent of the carbon of vanous 
substrates mto a carbohydrate matenal This undoubtedly explains the abihty 
of some of these microorganisms to survive and multiply m simple media 
The manner in which bactenal cells form this carbohydrate from a substance 
such as pantothenic acid is not clearly e\ndent, although Clifton and Logan (1939) 
have postulated a theorj’-, from known facts, for the formation of carbohydrate 
from vanous substrates by cells of Escherichia colt Presumably, the process 
represents more than a mere reduction of carbon dioxide Equally mtngumg 
IS the manner in which a poison like KCN selectively blocks the assimilatoxy 
process 
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SUMMARY 

Bactena of the genus Pseudomonas have been isolated from soil and air that 
could utilize pantothenate as a growth substrate m a medium contammg only 
pantothenate and morgamc salts jS-Alanine and pantoic acid also were utilized 
when substituted for pantothenate, but pantoyl-lactone did not support growth 
Durmg their growth, these bactena decomposed 20 per cent of the pantothenate 
m 0 1 per cent pantothenate broth withm 24 hours and 100 per cent of the sub- 
strate within 72 hours 

Pantoyltaurme and di-N-pantoyl-n-butylamine, analogues of pantothemc acid, 
exhibited a competitive type of inhibition with pantothenate but only the former 
was able to support growth when substituted for pantothenate, and then to a 
lesser extent 

Manometnc studies showed that pantothenate, /9-alanme, and pantoic acid 
were oxidized, respectively, to 50 per cent, 67 per cent, and 43 per cent of com- 
pletion by a process of oxidative assmnlation Pantoyl-lactone was not oxidized 
Potassium cyanide and sodium azide, m critical concentrations, caused the 
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oxidation of pantothenate, /9-alanme, and pantoic acid more dearly to reach com- 
pletion, presumably by inhibitmg the processes of assimilation 

dZ-N-Pantoyl-n-butylarmne was not oxidized and pantoyltaurme was only 
sUghtly oxidized m the Warburg apparatus 
Vanous stock cultures of bactena and fungi were not able to utilize pan- 
tothenate as a carbon source, nor were they able to oxidize this substance 
The Bigmficance of these findings is discussed 
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Dunng recent 3 cars man}^ new and extended uses have been developed for 
fungal enz^^nes Prominent among these are applications in the fields of food 
manufactunng, textile processing, and in the manufacture of malt beverages and 
mdustnal alcohol 

Although certain microorganisms are capable of elaborating amylases when 
grown under submerged conditions either aerobically (TValdmann, 1942) or 
anaerobically (Hockenhull and Herbert, 1945), mdustnal production methods 
generally involve cultivation on the surface of unagitated liquid or semisohd 
substrates Exceptions are the “amvlo'' process (Owen, 1933) and a modified 
amylo process (Erb and Hildebrandt, 1946), m which selected strains of Rhizopus 
or Mvcor are growm under submerged, aerobic conditions to saccharify gram 
mashes pnor to alcohohe fermentation More coinmonl3% as m the production 
of mold bran (Underkofler, et al , 1939, Bojer and Underkofier, 1945) and bac- 
tenal amjlases (Beckord et al , 1945, 1946), media are incubated m shallow layers 
m closed vessels or m open trays Attempts to adapt these microorgamsms to 
deep tank conditions to produce comparable yields of am^dase have been unsuc- 
cessful 

The submerged culture method of producing amylases would have defimte ad- 
vantages when the product could be employed directl}’^ without concentration or 
purification as, for example, m the alcoholic fermentation of gram and m the 
manufacture of sugars and dextnns from starch With these apphcations m 
mind a survey was made of a large number of molds to detenmne their abihty 
to s3mthesize starch-hydrolyzmg enzymes when cultured under submerged con- 
ditions The present report deals with (1) the results of this survey of fungi, 

(2) the factors affectmg the elaboration of amylases by promismg strams, and 

(3) the substitution of mold amylase thus produced for distillers' malt Pilot 
plant studies have been conducted with some of the promising strains disclosed 
herem, and the results of these expenments will be reported at a later date 

METHODS 

Culture survey The cultures investigated were selected from the culture col- 
lection of the Northern Regional Research Laboratory The basal medium for 
the survey of cultures was thm stillage obtamed from the alcoholic fermentation 

^ Present address Mold Bran Company, Eagle Grove, Iowa 

* Present address Hiram Walker and Sons, Inc , Peona, Illinois 

* One of the four regional laboratories of the Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, U S Department of Agriculture 
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of corn and sorghums It contamed 4 to 5 per cent of dry substance, approxi- 
mately one-third of which was protein (N X 6 25) To favor the growth of all 
the organisms studied, 2 per cent of glucose and 0 5 per cent of calcium carbonate 
were added to the stillage This medium was stenlized with steam at 20 p s i 
gauge for 30 mmutes 

For evaluation of the selected orgamsms for amylase production, cultures were 
grown first in 50 ml of thm stillage medium contamed in 200-nil flasks After 
24 hours^ incubation, 10 ml of culture were transferred to 200 ml of the sup- 
plemented stillage medium contamed m 1-hter flasks AJI cultures were mcu- 
bated at 30 C and were shaken continuously at 90 three-inch strokes per minute 
m a Kahn type shaker Samples were removed penodically for the determina- 
tion of amylase activity 

Culture hquors were analyzed for the presence of dextrmizmg enzyme by the 
method of Sandstedt et al (1939) as modified by Olson, Evans, and Dickson 
(1947) Units of dextnnizmg enzyme reported herein are the grams of soluble 
starch (Merck, Lintner) which, in the presence of excess 6eta-amylase, are dex- 
tnmzed m 1 hour at 20 C ^ 

Vanahons of cultural conditions To detemune the influence of different car- 
bohydrate and protem sources on amylase production, a fungal strain which was 
found to possess exceptional amylolytic activity was grown under conditions 
identical to those obtaining in the survey except that vanous protein and car- 
bohydrate matenals were substituted for thin stillage and glucose 
A study of the effects of different concentrations of calcium carbonate and 
calcium chlonde was made under the same cultural conditions used m the survey 
except that 2 per cent of ground corn was substituted for 2 per cent of glucose 
Aeration rate studies were conducted on a somewhat larger scale than were 
the aforementioned experiments, that is, 4-hter quantities of stillage medium 
supplemented with 2 per cent of corn meal and 0 5 per cent of calcium carbonate 
were dispensed in 8-Jiter pyrex cylinders equipped with hds of aluminum plate 
and with air spargers of perforated alummum tubing These were stenlized with, 

steam at a pressure of 25 p s i gauge for 1 hour, cooled, and mocuiated with 5 per 
cent by volume of a 24-hour culture Aar for use m the experiments was filtered 
through sterile cotton before mtroduction mto the medium 
It was observed m the course of these expenments that strains which sac- 
chanfied starch rapidly, and consequently were most suitable as replacements 
for barley malt, formed appreciable amounts of maltase Following this ob- 
servation, both dextnnizing and maltase activities of culture liquors were de- 
termined Maltase activity was measured by determining the increase m 
reducing power by the method of Somogyi (1945) after incubating 10 ml 
culture filtrate with 20 ml of a 1 05 per cent solution of maltose for 2 hours at 
30 C The enzyme-substrate mixture was maintained at a pH of 4 6 by the 
addition of acetate buffer to the maltose solution 

* A recent collaborative study of the alpha amylase values of experimentally produced 
barley malts in which this method was used showed a range of activity from 9 8 to 30 5 
units per gram Commercial distillers’ malt contains in the neighborhood of 25 units per 
gram 
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Conversion and fermentation of gram mashes Cultures producing appreciable 
quantities of amylase 's\cre further evaluated by determimng their ability to re- 
place barley malt m the alcoholic fermentation of com Forty-mne and one- 
half g of ground corn and 0 5 g of ground barley malt were placed m 500-ml 
Erlenmeyer flasks, and 170 ml of tap vater heated to 70 C v,ave added The 
flasks ucrc placed m a 70 C iiater bath and the grain slumes were stirred inter- 
mittently for 30 minutes The mashes thus premalted were then cooked in the 
autoclave at a steam pressure of 25 pounds for 30 minutes and cooled to 75 C, 
mold culture liquor vas added, together with suflicient water to lower the tem- 
perature to 55 to 56 C Conversion v as continued at 55 to 56 C for 30 minutes, 
dunng which penod the mashes v ere agitated frequently The same procedure 
was followed vath the control mashes sacchanfied with malt except that 45 g of 
com and 5 g of barley malt were used, 0 5 g of malt agam bemg used for pre- 
maltmg and 4 5 g for conversion Converted mashes were cooled to 30 C and 
inoculated with 2 per cent by volume of a 24-hour culture of distillers’ yeast, 
strain NRRL Y567 The final volume m each flask was approximately 250 ml 
Fermentation was conducted at 30 C for 72 hours, dunng which time the flasks 
were weighed penodically The beers ^vere then brought to a volume of 300 ml 
and ahquots of 200 ml taken for the determmation of alcohol One hundred ml 
of distillate were collected from each aliquot, and the concentration of alcohol m 
the distillate was detenmned b}’' measuring its refractive index 

EXPERIMENTAL RESULTS 

The results of the survey of fungi for abihty to produce amylase m supple* 
mented thm stillage medium are presented m table 1 Of 80 cultures of Perncth 
hum, representing 18 species, only 8 formed detectable quantities of dextnmzmg 
enzyme All of these were of relativelj’’ low activity, the best bemg a strain of 
P purpurogenum which gave 0 6 umts per ml 

Two hundred seventy-eight of the cultures that were studied belonged to the 
genus Aspergillus and represented 41 different species Only 34 members of this 
group elaborated dextnmzmg enzyme The culture liquors from active or- 
ganisms vaned from 0 1 to 15 3 umts per ml Although there was considerable 
vanation between strains within a species, a high percentage of strains of A 
oryzae, A wentii, and A mger was active Aspergillus niger NRRL 337 gave 
the highest potencies of any orgamsms tested m the survey Under the most 
favorable conditions, potencies up to 22 5 umts per ml were obtained with it On 
a dry basis (culture liquors contained about 2 per cent of solids) such preparations 
would have a potency of 1,125 umts per gram 

Subsequently, Aspergillus mger strams NRRL 326, 330, and 679 were found 
to elaborate an enzyme complex which rapidly sacchanfied starch, although the 
formation of dextnmzmg enzyme was not so marked as with A mger NRRL 337 

When strains of Rhizopus, Mucor, and Monilia were grown under the same 
conditions, little or no dextnmzmg enzyme was produced, although excellent 
growth was obtamed Despite their apparent lack of dextnmzmg enz 5 mie, cul- 
ture liquors from a strain of Rhizopus NRRL 1891 received under the label 
^Tlhizopus Roulard,’ ” were capable of considerable sacchanfication of grain 



TABLE 1 


The producHon of amylase by vanous fungi grown submerged in thin stillage medium 


CElTtlS 

CmTUttES 

TESTED 

NUICBER 

ACTITE* 

1 

ACTIVE CTLTTOES 

CONCENTRATIOH 0? 

DEXTEINinNG 
ENZVIfE PRODUCED 




spcctcs 

NRRLiuj 

umfs/tnl 

Pentctlhum 

80 

, 8 

P urhcae 

991 

0 1 




P roseo citreum 

889 

0 1 




P sptculosporum 

1027 

0 2 




P chlorophaeum 

816 

0 2 




P citreo-roseum 

835 

0 2 




P aurantio-gnseum 

972 

0 2 




P hrunneo-ruhrum 

842 

0 3 




P purpurogenum 

1064 

0 6 / 

Aspergillus 

278 

34 

A versicolor 

231 

0 1 




A candidus 

305 

0 6 




A alliaceus 

316 

1 7 




A foetidus 

341 

1 3 




A niger 

622 

0 1 




A niger 

624 i 

0 1 




A niger 

606 j 

0 1 




A niger 

617 1 

0 1 



1 

\ A niger 

607 1 

0 1 




1 A niger 

605 

0 1 




A mger 

614 

0 1 



1 

1 A niger 

354 

0 4 



1 

1 A niger 

679 

1 1 




A niger 

326 

: 2 2 



1 

A mger 

330 

1 6 0 



1 

A mger 

337 

! 15 3 




A niger 

1 363 

1 6 

1 



A wentii 

382 

0 1 

1 



A wentii 

378 

0 1 




A wentii 

1207 

0 2 

] 



A wentii 

381 

0 3 




A wentii 

1778 

0 4 




A wentii 

377 

0 4 




A wentii 

1269 

0 6 


1 


A oryzae 

480 

0 1 




A oryzae 

474 

0 1 




A oryzae 

464 

1 2 




A oryzae 

449 

2 9 




A oryzae 

694 

3 1 


i 


A oryzae 

698 

33 




A oryzae 

454 

3 0 




A Jiavus 

488 

0 1 




A Jiavus 

, 491 

0 2 




A gymnosardae 

605 

0 2 

Rhtzopus 

5 

none 




Mucor 

3 

none 




Momlta 

1 

none 






\ 


- 


* Cultures were termed active if the a amylase activity obtained m their atratee 
equaled or exceeded 0 1 umt per ml 
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mashes (table 6) Other species of Rhizopus and Mticor were similar m behavior, 
suggesting that these organisms have amylolytic enzyme systems different from 
barley malt and the other molds examined in this study In contrast to this 
observation, Leopold and Starbanow (1943) have reported the production of both 
cc- and /3-tjT)e amylolytic enzymes by R japomciis 

TABLE 2 


The produclton of dcxtrinxztng enzyme by Aspcrgillue ntger NRRL SS7 culitvaied 

in vanous media 


rXOTttN SOTJBCX 

CAMomTJaATE fiotmoc 

CONOtKTtATlON OF DEXTBIKinNO 
ENrSfltE 

Corn atcep liquor, 3% 

None 

itnUs/ml 

2 2 

Corn steep hquor, 3% 

Glucose, 2% 

8 2 

Corn Bteep hquor, 3% 

Molassca, 2% 

4 6 

Corn Bleep hquor, 3% 

Corn meal, 2% 

10 2 

Dned tankage, 2% 

None 

2 1 

Dried tankage, 2% 

Glucose, 2% 

9 3 

Dned tankage, 2% 

Molasses, 2% 

11 5 

Dned tankage, 2% 

Corn meal, 2% 

8 7 

Soybean meal, 2% 

None 

7 9 

Soybean meal, 2% 

Glucose, 2% 

7 4 

Soybean meal, 2% 

Molasses, 2% 

8 6 

Soybean meal, 2% 

Corn meal, 2% 

11 2 

Thm stillage 

None 

1 7 

Thin stillage 

Glucose, 2% 

11 5 

Thin stillage 

Molasses, 2% 

7 9 

Thin stillage | 

Corn meal, 2% 

16 6 

Thin stillage 

Xylose, 2% 

1 5 3 

Thin stillage 

Lactose, 2% 

6 7 

Thin stillage 

Sucrose, 2% 

11 0 

Thin stillage 

Maltose, 2% i 

14 5 


Enayme determinations were made after cultures were shaken for 5 days 
Composition of medium Protein and carbohydrate as shown plus 0 5 per cent calcium 
carbonate 


Factors affecting enzyme production by Aspergillus mger NRRL 837 To de- 
termine whether nutnents other than those present in thin stillage were satis- 
factory for amylase production, media contaimng protein from several other 
sources were supplemented with various carbohydrates Calcium carbonate was 
added to give a concentration of 0 5 per cent After stenhzation, the media were 
moculated with 2 per cent by volume of a submerged culture of Aspergillus mger 
NERL 337 and meubated, with continuous shaking, for 5 days The results are 
shown in table 2 

Thin stillage, com steep hquor, and animal tankage when not supplemented 
with carbohydrate gave low yields of amylase, but soybean meal appeared to be 
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satisfactory without added carbohydrate When commercial glucose, molasses, 
or corn meal was added to the protem basal media, good amylase formation re 
suited except when com steep hquor was supplemented with molasses In this 
senes of experiments the highest enzyme concentration (16 5 umts per ml) was 
obtained with thin stillage to which corn meal was added Sucrose and maltose 
gave good enzyme formation, whereas xylose and lactose were less effective when 
added to thm stillage These results indicate that a wide vanety of carbohy- 
drates m conjunction with protemaceous substances of animal and plant orgin 
can be employed for the production of amylase by this orgamsm 
The influence of calcium carbonate on amylase production is demonstrated in 
the following expenmentf the results of which are shown in table 3 Calcium 
carbonate, in varying amounts to give concentrations ranging from 0 to 1 0 per 

TABLE 3 


The effect of calcium carbonate and calcium chloride on the production of dextrinizing 
enzyme by Aepergillue niger NRRL S37 


50UCXE OF CAICtUU 

FINAL pH 

a AKYLASE 

Salt added 

Concentration 


per cent 


untfs/ml 

None 


4 0 

1 5 

CaCO* 

0 10 

4 3 

7 9 

CaCOj 

0 25 

4 9 

8 9 

CaCO, 

0 50 

5 3 

9 2 

CaCOj 

1 00 

5 4 

8 5 

CaClj 

1 00 

3 7 

1 2 


Cultures were analyzed after an incubation period of 3 days at 30 C 
Composition of base medium Distillers* thin stillage plus 2 per cent corn 


cent, was added to thin stillage containmg 2 per cent ground com Aspergillus 
mger NRRL 337 was cultured in these media for 3 days, after which the culture 
liquors were analyzed for dextnmzmg potency Whereas the enzyme activity 
was low m the absence of calcium carbonate, the addition of 0 1 per cent calcium 
carbonate gave more than a 5-fold increase in dextnmzmg power, that is, from 
1 5 to 7 9 units per ml The optimum concentration of calcium carbonate ap- 
peared to be m the neighborhood of 0 25 to 0 5 per cent, resulting in potencies of 
8 9 and 9 2 umts per ml, respectively The pH of the fermented hquors ranged 
from 4 0m media without calcium carbonate to 4 3 to 5 4 m those in which it was 
used When calcium chloride at a concentration of 1 per cent was substituted for 
calcium carbonate, the final pH was 3 7, and the enzyme production was lower 
than that m the control without added calcium salt Since it is well known that 
a-amylase is readily inactivated at a pH of 4 2 or lower, it appears that the prin- 
cipal action of the calcium carbonate m stillage medium is to maintam the pS 
above this point dunng the fermentation However, a specific stabihzing effect 
of the calcium ion upon mold dextnmzmg amylase has been demonstrated (Na- 
kamura, 1931), and this may have been a contnbutmg factor in those instances 
m which the reaction was favorable to amylase stability 
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The influence of aeration upon nmjiase production is showTi in table 4 As- 
pergillus mger NREL 337 was gro\ra in supplemented thin stillage medium m 
glass cylinders, as previously described The aeration rate was vaned from 0 26 
volumes to 1 0 volume of air per volume of medium per minute Dextnmzing 
cnz>Tne and pH v ere determined daily from the second through the seventh day 
It was found that enz3Tne synthesis increased progressively with increased rates 
of aeration With 0 26 volume of air the final potency of the liquor was 2 4 uxuts 
per ml, with 0 6 volume of air, 9 0 units per ml , and with 1 0 volume of air, 22 5 
umts per ml In larger fermentations in which media were both aerated and 
agitated, a lower rate of aeration was found to bo adequate for maximum enzyme 
production (Le Mense et al , 1947) 

Suhsixiuixon of mold culture liquors for mall in alcoholic fermentaiions Culture 
liquors from the preceding expenment were investigated for their ability to re- 
place barley malt in the sacchanfication of gram mashes for alcoholic fermenta- 
tions The hquors were used at levels of 8, 13, and 20 per cent of the final mash 

TABLE 4 


The influence of the rate of aeration on the production of dezlnntztng enzyme by 
Aspergillus mger NRRL 557 





DEXTWNinNO ENITUE ATTES 



ACZATIOK SATE 








2 days | 

3 days | 

4 days 

5 days 

j 6 days 

7 days 

L atriL mtiyum! 
mtnute 



units/ml 



0 25 

0 6 

1 4 

1 8 

2 7 

2 2 

2 4 

0 5 

4 8 

6 9 

7 9 

8 2 

9 0 

9 0 

1 0 

6 2 

8 9 

12 9 

15 8 

22 0 

22 5 


volume One-tenth of this amount m each instance was added as premalt Com 
was the only gram used m the mashes saccharified with mold amylase, whereas 
control mashes contained 90 per cent com and 10 per cent barley malt, one-tenth 
of the malt also bemg employed as premalt The results of these experiments 
are shown in table 6 

Malt-converted control mashes gave an average jueld of 6 16 proof gallons of 
alcohol per bushel of gram When used at a level of 13 per cent of the mash 
volume, culture hquors produced by aeratmg at 0 26 volume of air per volume of 
medium per minute for a 7-day culture penod gave only 4 24 proof gallons of 
alcohol per bushel of gram Culture preparations aerated at 0 6 volume per 
volume of medium per minute gave yields eqmvalent to or better than malt when 
used at 13 and 20 per cent levels after 4 days of incubation and when used at 8, 
13, and 20 per cent levels after 7 days of mcubation Cultures aerated at 1 
volume of air per volume of medium per minute were satisfactory in all cases 
except those to which a hquor cultured for 2 days was added at an 8 per cent 
level The highest alcohol yields, amountmg to 5 50 and 5 40 proof gallons per 
bushel, were obtamed with 20 per cent levels of culture liquor aerated at 0 5 
volume of air per volume of medium per minute When the greater quantity of 
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vnih limited maltose failed to mcrease either the rate or the degree of sacchanfica- 
tion of gram mashes {A onjzae NRRL 694) This is of special interest in view 
of the indicated correlation between a-amylase potency and yield of alcohol with 
distillers’ malts (Thome ei al , 1945) It must be assumed, therefore, either that 
malt a-amylase is capable of more complete breakdo\in of starch than is the 
coriespondmg enzyme from mold, or that other enzyme components of malt are 
more active m sacchanfication than generally believed Mold amylases might 
also compnse other enzymes than the two demonstrated to be present, as mani- 
fested by the amylolytic activity of preparations from a strain of Rhizopiis NRRL 
1891 (labeled Rhizopus “Boulard” as received), which display limited dextnniz- 
ing potency 

It may be of interest to compare dry weights and dextrimzing units obtained 
in mashes wherein good alcohol yields resulted with fungal amylases with cor- 
responding figures for the barley malt control mash Thus m the best alcoholic 
fermentation obtamed with fungal amylases as presented in table 5 a culture 
liquor contammg about 2 5 per cent of dry solids and supplied at the level of 20 
per cent of the mash volume contnbuted about 1 25 g of solids and 395 dextnniz- 
ing units of a-amylase and resulted in a yield of 5 50 proof gallons of alcohol per 
bushel of gram In the barley malt control fermentation 5 0 g of malt with an 
a-amylase activity of 24 units per g (dry basis) and a mixture content of 8 05 per 
cent contnbuted 4 6 g of dry solids and 110 dextnmzmg units of a-amylase and 
gave a yield of 5 15 proof gallons of alcohol per bushel of gram These figures 
demonstrate that good preparations of fungal amylase offer higher a-amylase 
activity per imit of dry weight than does barley malt and that the higher yields of 
alcohol were associated with greater dextnmzmg activity of the mold preparation 
^employed 

The media and techniques employed m the present study might well be utilized 
Industnally for the production of fungal amylases By selection of the proper 
culture, products nch m dextnmzmg or both dextnmzmg and sacchanfymg en- 
zymes could be obtained A large number of substrates, now by-products or 
waste products of industnal gram processing, could be employed satisfactonly 
Culture hquors, when feasible, could be utihzed without pnor treatment or the 
•enzymes could be concentrated and recovered as dry preparations as is now done 
with enzymes produced by Aspergillus oryzae cultivated on cereal bran (mold 
bran) Drymg of the culture liquor after the removal of mold mycelium and 
suspended sohds would result m products having amylase potency 40- to 50-fold 
greater than that m the untreated culture 
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SUMMARY 

The abihty of more than 350 fungi to produce amylase when grown under 
submerged, aerobic conditions has been determmed Cultures of Rhizopn^ 
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Mvcorj PauctUunn, Aspcrgillusy and Momlta were represented With the ex- 
ception of i fc\\ species ot AspcrgiUuSy all of the oiganisms investigated elaborated 
only limited quantities of amylase or vero incapable of its formation Among 
the aspergilli, substantial amounts of dcxtnnizing enz^nne were produced by A 
wenin, A oryzac, and A aUiaccvs, vhereas both dcxtnnizing and sacchanfjang 
cnzjTiics vere formed by a few strains of A ntger The presence of maltase m 
a])prcciablc quantities vas noted among the strains vhich actively saccharified 
starch 

High am} lase-producing strains of Aspergillus mger such as NRRL 337 vere 
rcadil} gro\ra on a medium composed of thm stillage supplemented vath 2 per 
cent of com meal and 0 5 per cent of calcium caibonate After incubation under 
continuous aeration 3 to 5 days, culture liquors were satisfactory replacements 
for distillers’ malt in the alcoholic fermentation of corn 
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EFFECT OF THE COMPOSITION OF THE SPORULATION MEDIUM 
ON CITRIC ACID PRODUCTION BY ASPERGILLUS 
NIGER IN SUBMERGED CULTURE^ 
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Extensive work has been done (Foster, 1939, Perlman, Dorrell, and Johnson, 
1946, Porges, 1932) on the nutntional requirements of Aspergillus mger and on 
the relation betw een the constitution of the fermentation medium and the jneld 
of citnc acid by this organism However, no 'svork has been reported in which 
the effect of the composition of the sporulation medium has been studied Doel- 
ger and Prescott (1934), however, have noted that successive transfers of the 
culture on a S 3 mthetic medium increased citnc acid yields In the course of a 
study of citnc acid production by submerged culture (Shu and Johnson, 1947) 
it was noted that the composition of the sporulation medium had a great effect on 
citnc acid jaeld m fermentations m n hich the spores n ere used as inoculum The 
experiments reported in the present paper were designed to determine the cause 
of this vanation in yield 


METHODS 

A strain of Aspergilliis mger from culture 72-4 (Perlman, Kita, and Peterson, 
1946) was used throughout the experiments The stock culture was earned on 
soil In order to reduce the amount of soil substances earned over, cultures 
were earned through three successive sucrose agar slants made with medium A, 
shown in table 1 The second of these transfers was kept as a substock culture 
for the entire experiment A water suspension of spores was made from the 
third transfer with 5 ml of sterile distilled water 
This suspension was used to inoculate the agar medium under investigation 
1 loopful for an agar slant and 0 5 ml for a bottle plate All slants were made 
with 4 ml of agar medium m IS-by-lSO-mm pyrex test tubes The slope of the 
slants was made approximately 15 degrees with respect to the axis of the tube 
Bottle plates were made with 25 ml of agar medium in a 6-oz rectangular bottle 
This amount gave a layer 0 5 cm thick with a 72 sq cm agar surface when the 
bottles were placed m a horizontal position The media were sterihzed at 120 C 
for 20 mmutes The inoculated slants or plates were incubated at 30 C until 
the entire agar surface was uniformly covered with spores 
Suspensions of spores grown on experimental agar media were made with 5 ml 
of stenle water for slants and with 50 ml for bottle plates Approximately 1 5 ml 

^ Pubhshed with, the approval of the Director of the Wisconsin Agricultural Experiment 
Station Supported in part by a grant-in-aid from the Sugar Research Foundation, Inc 
New York 
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of the suspension was used to inoculate 500-ni] cotton-plugged Erlenmeyer flasLs 
containing 50 ml of fermentation medium The composition of the fermentation 
medium is shown as medium B in table 1 The moculated flasks were mcubated 
at 25 C on a shaker, rotating honzontally, descnbmg a circle 1 inch m diameter 
at a speed of 270 rpm All results reported represent the average of tnphcate 
flasks 

At intervals of 5, 7, and 10 days, samples were taken and analyses were made 
for residual sugar, titratable acidity, and, in some cases, citnc acid The figures 
given m the tables are for samples taken at 10 days except when otherwise stated 
Residual sugar was detennmed by the method of Shaffer and Somogyi (1933) and 
citnc acid by the method of Perhnan, Lardy, and Johnson (1944) The titratable 


TABLE 1 


Com-posiixon of media 


COSSnXTJENTS 


Domino sucrose 
Difco agar 
Ej1^P04 
MgS04 7H2O 
NH4NO, 

HCl 

Trace metals 
Cu-^ 

Zvi^ 

Mn++ 


UZDZUU A 


vt/L 
140 g 

20 g 

1 g 

0 25 g 
25 g 
to pH 4 5 

0 14 mg 

1 4 mg 

2 2 mg 
<1 Pg 


ilEDIUlt B 


toifL 

140 g 
1 g 

0 25 g 
25 g 
to pH 3 1 

0 06 mg 

0 25 mg 

1 3 mg 
<1 /ig 


ItEDIUlt C 

wt/L 
140 g 

Ig 

0 25 g 
2 5 g 
to pH 2 3 

0 06 mg 
0 25 mg 
0 45 mg 
<1 ;^g 


The listed quantities of metals include the amounts present as impurities in other 
constituents of the media 


acidity was expressed m terms of anhydrous citnc acid The presence of certain 
trace elements was detennmed colonmetricall> wth the 7, 7' dipyndyl method 
for iron, dithizone for zmc, carbamate for copper, and penodate for manganese 
(Sandell, 1944) The yield of citnc acid v as expressed as the percentage of added 
sugar (grams anhydrous citnc acid per 100 grams added sucrose) 

EXPERIMENT \Li RESULTS 

Effect of Tnedium on rate of sporulaiion Rectangular bottle plates i\ere used 
m these experiments The composition of the media tested was the same as 
medium A, table 1, except for the components v hich were vaned The minimum 
time required for the spores to cover the entire plate was used as a measure of 
the rate of spore formation The results are summanzed m table 2 Increasing 
the concentration of Zn, and KH2PO4 retarded the rate of spore forma- 

tion, but mcreasing the concentration of Ain or malt extract favored spore forma- 
tion Abundant spores v ere formed m 48 hours if Mn or malt extract was added 
Effect of trace metals tn sporulaiion medium on citric acid yield Agar slants 
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were used in these experiments Table 3 summarizes the results of the addition 
of Fc, Cu, Zn, and Mn, and their combinations, to the basal agar sponiktion 
medium A The presence of i\ln at a level of 9 3 mg per liter lowered the acid 
yield to 35 per cent, which is only 50 per cent of the basal medium control Iron 
added at a level of S mg per liter of medium also showed considerable effect 

TABLE 2 


Effect of the composition of medium on rate of sporulalion 


cossrmmrx vaweo m ircBnm a 

QUANTITY TXrStNT 

unmom time tor spores to cover 

AQAR EURTACE 

None 


flours 

68 

pH 

6 0 

68 


7 6 

96 

Sucrose 

200 g/L 

68 


50 g/L 

68 

KH,P04 

5 0 g/L 

>240 


2 6 g/L 

72 

NH4NO, 

5 0 g/L 

>240 


0 5 g/L 

52 

MgS04 THiO 

0 5 g/L , 

68 


0 05 g/L 1 

68 

Mn++ 

9 3 mg/L 

48 

Fe++^ 

10 2 mg/L 

60 


3 0 mg/L 

1 68 

CU'H' 

3 5 mg/L 

68 


0 5 mg/L 

68 

Zn-H* 

26 4 mg L 

i 144 


3 8 mg/L 

96 

1 

Malt extract 

; 1 6 g/L 

48 


Zme alone did not exhibit any significant effect, but it exhibited some antagomstic 
effect against manganese Copper showed a similar effect Simultaneous addi- 
tion of Cu, Zn, and Pe at levels of 0 34 mg, 2 4 mg, and 0 8 mg, respectively, per 
liter of basal medium was found to give the highest acid 3neld in the fermentation 
test A yield of 80 per cent total acidity calculated as citnc acid on added sugar 
was obtained m 10 days of fermentation About 90 per cent of this total acidity 
was due to citnc acid 

The stabihty of the culture m the medium (no 18, table 3) was tested by 18 
successive spore transfers At intervals of 6 transfers, fermentation tests were 
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made The results are shown m table 4 No sigmficant changes m acid pro- 
duction were observed 


TABLE 3 


Effect of metallic ions tn sporulation media on acid 'production 


NO 

1 HETAUaC ION ADDED TO SPOEULATION UEDItTU A 

YIELD or ACO* 
IN MEIUMBO^ 

* AVAILABLE SDCAl 
PEE CENT 

Mn 

Zn 

Cu 

Fe 


mi/Jj 

mzlL 

mgfh 

mt/L 


1 

0 

0 

0 

0 

70 

2 

93 

0 

0 

0 

14 

3 

9 3 

0 

0 

0 

35 

4 

1 9 

0 

0 

0 

53 

5 

0 

24 

0 

0 

69 

6 ' 

0 

2 4 

0 

0 

71 

7 1 

0 ! 

0 ! 

3 4 1 

0 

60 

8 ! 

0 

0 

0 34 ! 

0 

66 

9 

0 

0 

0 07 

0 

54 

10 

0 

0 

0 

8 

48 

11 

0 

0 

0 

0 8 

53 

12 

0 ' 

2 4 

0 34 

0 

63 

13 1 

9 3 

2 4 

0 

i 0 

45 

14 ' 

0 

2 4 

0 

1 0 8 

70 

15 

9 3 

0 

, 0 34 

0 

45 

16 

9 3 

0 

0 

0 8 

i 37 

17 

0 

0 

0 34 

0 8 

56 

18 

0 

2 4 

0 34 

0 8 

80 

19 

9 3 

2 4 

0 34 

0 

46 

20 

9 3 

1 2 4 

0 

0 8 

22 

21 

9 3 

0 

0 34 

0 8 

20 

22 

9 3 

2 4 

0 34 

0 8 

54 


* Titratable acidity calculated as anhydrous citnc acid 


TABLE 4 


Effect of successive spore transfers of the culture on acid production 


NDICBEE or TEANSIXES 

YIELD OP ACm* ON AVAILABLE SUGAE PEE CENT 

0 

80 

6 

80 

12 

87 

18 

75 


• Titratable-acidity calculated as anhydrous citnc acid 


The metals might exert the effects shown m table 3 either by bemg earned over 
by the spores mto the fermentation medium, or by causmg some physiological 
changes m the spores Smee it is known (Perlman, Dorrell, and Johnson, 1946) 
that the presence of appreciable quantities of manganese in the fermentation 
medium reduces yields of citnc acid m surface fermentations, it seemed desirable 
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to determine tlie quantity of Mn added to the fermentation medium by the spore 
inoculum Spores were grown m bottle agar plates contaming vanous levels of 
Mn Spore suspensions from each of the bottle plates were made with 50 ml 
stenle distilled ater containing 10 per cent ethyl alcohol The suspensions were 
filtered asepticallv through glass wool into previously sterilized centnfuge tubes 
The tubes were then centrifuged and the supernatant was pipetted out The 
spores were washed twice w ith 50-ml portions of distilled water and finally re- 
suspended in 50 ml distilled w ater For each of the fermentation flasks 1 5 ml 
of this suspension was used as inoculum The remaining spore suspension was 
used for the determination of manganese 

TABLE 5 


Effect on acid production of manganese earned into fermentation medium 
vnlh spore inoculum 


^0 

lln ADDED TO 
SPORDLATIOK 
UZDIDM A 

Mn CAuico 
TO^ERiIrNTATIO^ 
UEOIUU B 

1 

Mn ADDED TO 
teimentatiov 

IfEDITTH D 

YIELD or TTTEA 
TABLE ACm OV 
AVAILABLE 

edoak 

^ YIELD or cn 

Available 

sugar 

BIC ACID* OV 

Utilized sugar 


rtt/L 


pr/L 

percent 

per cent 

per cent 


0 

<0 02 j 

0 

66 

57 

64 


0 

<0 02 

0 4 

74 

69 

75 


0 

<0 02 

3 

50 

45 

56 


0 

<0 02 

15 

23 

19 

21 


0 93 

0 4 

0 

68 

57 

66 


9 3 

3 

0 

44 

40 

56 

lEI 

93 0 

16 

0 

21 




* By pentabromoacetone method 
t Results of 12 days’ fermentation 


Another senes of fermentations was prepared and inoculated with spores pro- 
duced on the basal (Mn-free) medium To these flasks were added amounts of 
manganese equal to those introduced to the first senes of fermentation flasks 
with the spores growm on the Mn-contammg media The results are summanzed 
in table 5 It may be seen that the amoimt of Mn earned over with the washed 
spore inoculum to the fermentation medium is suflScient to retard the acid pro- 
duction, and that as little as 3 pg Mn per liter of fermentation medium appre- 
ciably lowers the citnc acid yield 

Addition of malt extract As shown m table 6, the addition of Trommer^s malt 
extract to the sporulation medium at a level of 1 5 g per liter decreased the acid 
yield The orgamc components of the malt extract seem to be responsible for 
this reduction, because the addition of the eqmvalent amount of the malt extract 
ash to the agar plate medium favored acid production in the fermentation test 
Furthermore, the addition of malt extract to the agar medium containmg man- 
ganese at a level of 9 3 mg per liter exhibited a definite additional influence on 
acid production The results are shown in table 7 This effect of Mn and malt 
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extract is not noticeable if the fermentation test is run by the surface culture 
method (table 6) with the fermentation medium C (table 1) 

TABLE 6 


Effect of addition of malt extract {to sporulaiion medium) on acid production 



QUANTIXy ADDED 

YIELD or ACID 

method op PEE 

SITBSTAKCES ADDI3) 

PEESENY* 

MENTATION 


i/L 



None 


66 

submerged 

Trommer malt extract 

1 5 

55 

submerged 

Trommer malt extract ash 

, Equivalent to 1 5 g 

76 

submerged 


1 malt extract 



Trommer malt extract 

1 5 

28 

1 submerged 

Mn 

0 0093 


None 


60 


Trommer malt extract 

1 5 

57 

1 


Mn 

0 0093 1 

1 



* Titratable acidity calculated as anbydrous citnc acid 


TABLE 7 


Retardation of acid production hy simultaneous presence of malt extract 
and manganese in sporulation medium 


BASAL MEDIUM A 
+ 

yield op acid on available sdcae* 

Mn 1 

Tronuner malt extract ^ 

m/L 1 

g/L 

per cent 

9 3 

0 00 

33 

9 3 

0 01 j 

27 

9 3 

0 05 

12 

9 3 ' 

0 10 

10 

9 3 ! 

1 00 1 

11 


* Titratable acid calculated as anhydrous citnc acid on 7 days’ fermentation 


StTMilAKT 

« 

The addition of Mn and Trommer malt extract at a level of 9 3 mg and 1 5 g> 
respectively, to 1 hter of basal agar plate medium accelerated spore formatiouj 
whereas mcreasmg the concentration of KH2PO4, NH4NO3, and Zn retarded spore 
formation 

The presence of iMn m the sporulation medium at a level of 9 3 mg perhter 
retarded citnc acid production in submerged fermentations in which the spores 
were used as moculum The effect is shown to be attnbutable to the amounts of 
Mn earned over into the fermentation medium by the washed spore moculum 

The presence of ^In and malt extract m the sporulation medium reduced the 
acid production m submerged fermentation, but not in the surface culture 
fermentation 
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CLOSTRIDIA IN GAS G/VNGRENE AND LOCAL ANAEROBIC 
INFECTIONS DURING THE ITALIAN CA]\IPAIGN 

AARON H STOCKS * 

Snd Mcdxcal Laboratory, United States Army 

Rccen cd for publication April 13, 1947 

^\Tien World War II began, some of the expenmental results obtained on 
animals mdicated that sulfonamides applied locallj’’ and taken by mouth might 
pre\ent mfections vnih anaerobes of the gas gangrene group It became evi- 
dent, e^ en m the Western Desert and Tunisia, that anaerobic infections vrould 
occur in spite of sulfonamide prophylaxis WTien the fightmg took place on 
the more cultnated soil in Sicily and Ital3% the incidence of gas gangrene m- 
creased Antiserums made m the United States, usualty containing antitoxm 
onty for Clostridium 'pcrfnngcns {B welchii) and Clostndium sepheum, did not 
appear to prevent gas gangrene and vrere of limited value in the therapy of cases 
(Jergesen, 1944) The question arose as to the incidence of Clostridium novyt 
{B oedemaheus) in anaerobic infections, it 'a as questioned if the poor results 
with serum could be attributed to the lack of C novyi antitoxm m some Amencan 
poljwalent gas gangrene antiserums 

In order to determine the mcidence of C novyi, the clostndial flora of 25 
cases of gas gangrene that occurred m Italy vas studied (Stock, 1944) In a 
second study, made while the fightmg ^ as m the Northern Apennmes, 5 additional 
cases of gas gangrene and 7 of local anaerobic mfections were cultured, and at 
the same time an effort v as made to determme the mcidence and significance 
of positive blood cultures It appeared important to learn whether therapy 
could sa\e a case of gas gangrene once the causatne organisms had entered the 
blood stream Although only the prelimmary phase of the latter study vas 
completed, it may be of value to record these results and to summarize our entire 
findings because so few reports on cultures m gas gangrene or other anaerobic 
infection m World War II have appeared (MacLennan, 1943, 1944, MacLennan 
and Macfarlane, 1944, Jeffrey and Thomson, 1944, Smith and George, 1946) 

MATERIALS AJST) METHODS 

Specimens of muscle or blood were placed m chopped meat medium at surgical 
operation and forwarded to the laboratory Anaerobic jars of the Mclntosh- 
Fildes type, but without a heatmg coil, were fashioned from 105-mm shell cases 
(see Smith and George, 1946) Two g of palladium-asbestos (Fildes, 1917) 
covered by a wire screen served as catalyst Anaerobes were grown on the sur- 
face of thioglycolate blood agar plates from moculums of unheated, heated (80 C), 
and enriched heated samples Isolation and identification of clostndia were 

* Major, Med Corps 
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169 



AAROX H STOCK 


172 


[voL 54 


cultures were injected and no calcium chloride was used (Bullock and Cramer, 
1919) 


niscussiON 

In general, the distribution of clostridia found m cases of gas gangrene was 
similar to that described in published reports (Weinberg and Seguin, 1918, 
Medical Research Committee, Bnt , 1919, Sordelh, 1923, Zeissler and Neller, 
1928, MacLennan, 1943, 1944, MacLennan and Macfarlane, 1944, Smith and 
George, 1946) The presence of C novyi m about 50 per cent of cases of gas 
gangrene is confirmed C novyi was found m soil by Zeissler and Rassfeld 
(1928) m 64 per cent of samples, so that a high incidence is possible m rounds 
If the prophylactic and therapeutic eflSciency of gas gangrene antiserums is to 
be dete rmin ed, it would seem necessarj^to mclude C novyi antitoxin m the poly- 
^ alent serum (see Hall, 1946) Gas gangrene toxoids for immunization should 
contain C novyi toxoid as a component (Robertson and Keppie, 1943) 

C sephcum was isolated only once m 30 cases of gas gangrene In a large 
senes of cases, Weinberg and Segum (1918) found a 13 per cent andMacLennan 
(1943) a 19 per cent mcidence for this species On the other hand, Zeissler and 
Neller (1928) isolated only 1 stram of C septicum from 22 cases of gas gangrene 
m German cn ilians, and Zeissler and Rassfeld (1928), m an exammation of soil, 
found an mcidence of 8 per cent 

None of the strains of C bifermentam isolated m our studies was pathogenic 
for guinea pigs by the methods employed It is to be noted that Clark and 
Hall (1937) and Stewart (1938) have found C bifennenians antiserum of protec- 
tn e \ alue against the pathogenic ^ anety of this species {Clostndtum sordelhi) 

No strains could be identified culturally or by pathogemcity teste as Clos- 
tridium hisiolyhcum In soil, Zeissler and Rassfeld (1928) reported an mcidence 
of 2 per cent for this species Smith and George (1946) workmg m Italy did not 
find strains of C hisiolyhcum In their senes, Wemberg and Segum (1918) 
isolated 8 strains from cases late m the mvestigation In MacLennan’s senes 
(1943), all 9 patients with C hislolyttcum m the wound flora succumbed 

Death from gas gangrene has been attnbuted generally to toxemia (Mac- 
Lennan, 1946) Bacteremia which is known to occur has been considered a 
termmal e^ent, although this conclusion, drawn from Wemberg and Segum’s 
paper (1918), may not be warranted Further studies on blood cultures m gas 
gangrene are needed to detennme whether bactereima is an additional factor m 
the high mortabtj rate which stiU exists m spite of present therapeutic agents 
and surgical technique There is ex^perunental eMdence that is suggestive, for 
once clostndia had entered the blood stream in infected mice, which occurred 
after 3 hours, McIntosh and Selbie (1943a, 1943b) found local chemotherapy 
to be less effectne 

In 7 local anaerobic infections cultured m Italy, 7 strams of C perfnngens 
and 5 of C noiyi were found Thus, pathogemc species of clostndia were com- 
mon!} foimd and were not less frequent than proteol}"tic nonpathogemc clos- 
tndia This IS the opposite of the findmgs m a small senes of cases of ‘^anaerobic 
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tcllulitis” cuhuicd In Mul.cniun (1013) in the Wcblciii l)Ut aglcc&^\lth 

tlune of Woinbcig uul Seguin (1018) in tlic (a^'Cs called ‘‘ga^coub phlegmon” 
01 “gibcous ^^ounds” In oiu cxpciiciuo, ‘‘he ivy local inaciobic infection” 
used In Kobcilson (1020) in n lie i inoie u(ui itc dcsciiption of the lesions ^^con 
m It ih thin “iniciobu cellulitis ” ]3eginning with local anneiobic infections 
m do id tissue, ill gi id itioiib ind dcgiees of infection icsulted, nith fulminating 
gas gingienc it the extiemc Debiidemcnt icmo\cd infected tissue and often 
pic\entcd fuithci spie id Pioplnl u lu penicillin w is used m wounded patients 
m the lattei put of the It dun c impugn, but no dat i aic a^ ulible on its ef- 
fect on the cult in il findings of the bictcn d floi i of the wounds oi on its thera- 
peutic \ due in the dos igc used 

Xumeious nonpithogenic species of clostiidi i and mam leiobes (not listed in 
oui t ibles), p uticul uh nonhemohtu stieptococci, weie found m the specimens 
fiom gis guigrenc ind locil iniciolnc infections but weie not imestigated 
fuithei Xo mfoimition w is obt lined on then significance 
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SUMMVm 

In 30 cases of gas gingiene cult in ed m Italy, SO pei cent of the cases showed 
C/os/ndtufn perj)ingcns, 50 pei cent Closind'ium novyi^ and 1 case Closludixnn 
sepltcinn The high incidence oi Clostridium nocyz confiims the eailiei lepoits 
of Fiench and Biitish imestigators Clostridium ictam and nonpathogenic 
Closlndtum htfeuneniens weie found Xo stiains of Clostndium Instolyhcum 
weie identified In a tiial senes, clostiidia weie recoieied post mortem fiom 
blood cultures in 2 cases of gas gangiene Xo data weie obtained on the piog- 
nostic significance of a positne blood cultuie Seien local anaeiobic infections 
showed on cultuie 7 Clostndixnn peifnngens and 5 Clostridium novyi 
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KOUGir-SI^IOOTH DISSOCI VTIOX OF NEISSERIA 
INTR VCELL1 jL\IIIS 

ILORLN^CRL lAANS 

Dcparlvicnt of Pathology and Pactcrwionyy Louisiana Stale Unncrsily School of McdtcniCj 

J\cw Orleans^ Louisiana 

RccLncil for ])u])lication April 1 1, 1917 

Di'isocntion in the N’ci^snw gunip is infrequent icpoitcd, theiefoie the 
following occiiiiencc in i\ be noitln of note 
The cultui*c w is a stock sti nn of Nassena iiitiaccllulaus Goidon tjpe III 
which Ind been ni untuned in stock b} the nutlioi foi about 2 ^eais piioi to the 
appc'irancc of the ^alnnt It hnd been cultn ited foi about a ^eai on human 
blood agai slants and subsequent!} on Doiset^s egg medium with fiequent plat- 
ings on blood agai 

The \anation was first noted on a phtc of human blood agai containing 0 5 
pel cent glucose aftei 24 hours^ incubation at 37 C and 24 hours at about 29 C 
The \aiiation appealed to be of the simple R-S tj^pe About 50 per cent of the 
colonies weie topical meningccoccus colonies and about 50 pei cent weie of the 
\ aiiant U pe The R or ^ aiiant colonics weie about half the size of most of the 
t 3 ’’pical S colonies The suiface of the R colonies was waity and the maigins 
weie iiiegulai These colonies had a hcaped-up appeaiance and weie pinkish 
01 yellowish pink in coloi, in marked contiast to the topical oi smooth colony 
When the R colon} w is picked off the medium, the entiie stiuctuie came away 
mtact It w as found to be extiemel} hard and could only be bi oken up by being 
giound between two glass slides 

Transfers of the two colony types to blood agar plates of the same composi- 
tion gaAe the following results The typical S type colonies ga\e use to puie 
cultuies of S colonies thiough successne subcultuies The R oi \anant t}pe 
ga^e cultures which consisted cf about half typical colonies and half R colonies 
for fi^ e successn e transplants The smooth colonies from these plates im ai lably 
gave use to puie cultuies of typical colonies 
Tiansfeis to plates of 10 pei cent ascitic fluid agai contammg 0 5 pei cent 
glucose lesulted m 100 pei cent typical smooth Neissena tniracelhdans colonies 
with eithei type as an inoculum Transfers to AAer}"’s blood broth with subse- 
quent stieaking on the ascitic fluid agai also lesulted in pine cultuies of the S 
type of colony Laked blood agai piepaied fiom the same blood used foi the 
blood agai plates lesulted in half R and half S colonies, piovided they weie 
inoculated w ith material from an R colony 
A sudden change occurred in transplants fiom the plates of the fifth succes- 
sive passage of the R t}q)e of colony The siKth successive passage on blood agai 
plates and laked blood agai plates ga^ e a puie culture of a colony w hich lesembled 
the ongmal R, except in size This new colony w as much smaller than the orig- 
inal variant At 24 hours it was microscopic in size, and at maximum de\elop- 
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ment (3 dr\s) ^^as about 1 mm m diametei TMien these small R colonies were 
ti msfeiied to blood agai plates, the3 ga^ e use to pine cultuies of similai colonies 
'\Mien tiansfeiied to ascitic agai plates the} mamtained then chaiacteiistics 
Giowth m A^ eu ’s blood bioth which was stieaked on ascitic agai also ga\e puie 
cultiiie of the small R tvpe This small R t3pe of colon}^ was earned for 10 
successne geneiations on ascitic agai, blood agai, and A^eiy’s blood broth 
without any mdication of furthei change in colon} moipholog}^ oi an}^ tendency 
to le^el*t to the normal t'spe of colon} 



Fig 1 Fig 2 

Fir 1 Rolc H bMOOTii Dis^soci vTioN Blood Vgvr Pl\te, Rei lected Light 
M\C\IIIC VTION, VppROAIM\TEL-i 10 Dl VMETERS 
Fir 2 Roirri Smooth Di&t,oci \tion Blood \g\r Plvte Tr\nsmitted Eight 
Magnification Approximately 10 Diameters 


^Iicioscopic examination of the \ anous t} pcs of colonies showed them to con- 
sist entiiyh of giam-negiti\ e cocci and diplococci moiphologicalb icsembhng 
Xci^^cria Feimentation studies on the laige R t}pe could not be lun because 
the cultures in\ uiabh lexeiicd to the S t}pe in the fermentation tubes Such 
te^t« howe\ei showed the pioduction of acid fiom glucose and maltose The 
small R tYpe which w stable, produced a faint acidit} in glucose, but none in 
maltose sucrose lactose, dextnn, inulm, oi \}lose 

Ihc production of thi^ y anant was appaienth due to the accidental use of 
human blood which contained antimemngococcus antibodies This is sub- 
stantiated bY the following obscnations Fiibt, the S oi tYpical colonY pioduccd 
wide den^^ h do:? sometimc‘' onc-lnlf to thiee-fourfiis inches in diameter on platen 
prepared with this specimen of blood Secondh , 2 months after the ongmal 
obserY ation m itenal from the ^ mie tube that had piocluced the dissociated colo 
nies Y\ ohted on media of identic d compoition, except that the blood w 



from a dilTcicnl donor II yielded a pure culture of typical S type Netssena 
tniraccUulans and no R colonics could be found on numerous plates Thirdly, 
phsma obtained b}’’ centrifuging some of the same blood that produced the 
dibsocialion ga\ c the follo\^ ing results m the agglutination tests ^Vhen the anti- 
gen was the Gordon t^^pc III strain, grown on ascitic agar, agglutination was 
pobitu c in i dilution of 1 320 A satisfactory’' suspension of the small R colonies 
could not 1x5 prcjiamd, and tlicicfore the test was not satisfactory with this anti- 
gen Similar antigens of other strains of Netssena tniracelhilans all ga\e 
negative agglutination with this plasma These strains included the other 
Gordon ty pcs and sc\ oral strains isolated locally from cases of meningitis 

SUMMARY 

A stable R \ ariant of Gordon type III Neisserta iniracelhilans that has lost 
the ability’' to ferment maltose and that was apparently induced by antibodies 
IS reported 




DESCRIPTION OF STRAIN C27 A MOTILE ORGANISM WITH 
THE MAIOR ANTIGEN OF SHIGELLA SONNEI PHASE I 

W W FERGUSON and N D HENDERSON 
Bureau of LahoratoricSf Michigan Department of Healthy LansinOt Michigan 

Received for publication April 14, 1947 

The development of tj^ping sera for antigenic analysis of Salmonella organisms 
has made possible the discovery of Salmonella antigens m cultures of other genera 
Reports of such antigenic interrelationships liave become common in the litera- 
ture Similarly, the development of typing sera for the detection of type- 
specific antigens in Shigella is making possible the discovery of antigenic rela- 
tionships between Shigella and organisms of other genera 

In a paper devoted to the typing of Shigella, Ferguson et al (1947) referred 
to a motile organism of the famil}’' Entcrobacienaccae which bears the major anti- 
gen of Shigella sonnet phase I, as defined by Wlieeler and Mickle (1945) A 
detailed description of this organism, wdiich has been given the strain designation 
C27, IS contained in the present report 

Isolation of the culture wns effected on MacConkey agar plates from a fecal 
specimen submitted to this laboratory for culture No clinical history was in- 
dicated on the specimen blank, and efforts to obtain a history from the physi- 
cian have been unsuccessful 

The identification of culture C27 w^as attempted by the methods used rou- 
tinely in our diagnostic laboratones Lactose-nonfermentmg colonies were trans- 
ferred from a MacConkey plate to triple sugar agar slants on which growth pro- 
duced a ShigellaAikQ reaction Upon test with highly absorbed Shigella sera 
representative of the types commonly encountered m Michigan, the growth fiom 
triple sugar slants reacted strongly in Shigella sonnet phase I antiserum No 
reaction occurred in any of the other sera Biochemical and other tests re- 
vealed, however, that C27 differed in several respects from Shigella sonnet 

Strain C27 w^as found to be a gram-negative, nonsporulating rod form, actively 
motile wdien growm at room or incubator temperatures Motility was suffici- 
ently pronounced that growth spread through a 6-inch column of semisohd 
agar m 12 hours Flagellar stain preparations, made after the method of Leifson 
(1938) with Baltimore Biological Laboratory stain, revealed that C27 w^as 
apparently amphitrichous 

The organism grew readily at 37 C on nutrient agar, on SS, and MacConkey 
media, and on veal infusion blood agar On the latter medium, small but clear 
zones of hemolysis were produced around the massed gro^vth or isolated colonies 
On blood agar the colonies appeared gray, shiny, and opaque, wuth slightly 
raised centers, smooth surfaces, and entire edges Colony size varied from 2 
to 4 mm 

Strain C27 was an anaerogenic culture w^hich fermented glucose and maltose 
m 24 hours and produced acid from salicin m 7 days Sucrose, mannitol, 
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sorbitol, dulcitol, rhamnose, and xylose were not attacked Acetylmethylcar- 
bmol was not formed, and urea and citrate were not utilized Indole and H 2 S 
were produced and tmnethylamine oxide was reduced The tune of lactose 
fermentation was vanable On first isolation, one subculture fermented lactose 
after 72 hours, whereas a vanant fermented the carbohydrate in 48 hours The 
latter, after senal transfer, fermented lactose in 24 hours 

Immune sera for strain C27 were developed m two rabbits whose sera pnor 
to immunization contamed no perceptible agglutinins for C27 or Shigella sonnet 
phase I organisms Shigella sonnet phase I antiserum unabsorbed and S sonnet 
absorbed serum freed of cross reactions as descnbed by Ferguson, Branston, 
MacCallum, and Carlson (1947) were available for agglutination studies The 


TABLE 1 
Serological results 


OSOAKIStf 



SEttuir 



S sonnet, phase I 


Unab- 

sorbed 

Absorbed by 

TJnab- 

sorbed 


SAtgeJta 

sp* 

C27 

S sonnet 

C27 boDcd 

S sonnet, phase I living 

10,240 

10,240 

<80 

20,480 

80 

<80 

S sonnet, phase I alcohol treated 

2,560 

— 

— : 

5,120 

<80 

— 

C27, living 

2,560 

2,560 

<80 

20,480 

5,120t 

l,280t 

C27, alcohol -treated 

2,560 

— 

— 

5,120 

<80 

1 


Agglutinations conducted at 50 C with overnight incubation, lowest dilution 1 80, not 
made 

• Shigella cross reactions removed 
t Soft, floccular clumps which shake out readily 

results of such studies with absorbed and unabsorbed sera and the respective 
antigens are recorded in table 1 

It is ob\ lous from a study of the table that C27 strain has a somatic antigen 
similar to the major antigen of Shigella sonnet phase I This is borne out by 
the fact that C27 organisms were able to exhaust the specific agglutinins from 
an absorbed Shigella sonnet typing serum This is also borne out by further 
data m the table w hich show that Shigella sonnet phase I organisms arc capable 
of exhaustmg the somatic agglutmins from C27 antiserum 

Organism C27 possesses additional antigens not shared by Shigella sonnet 
which arc probablj contained m the flagella It wull be seen m the table that 
absorption of C27 antiserum with Shigella sonnet orgamsms remo\ed agglutinins 
for S sonnet, while a considerable residual antibody content remained for C2/ 
untreated culture The clumps formed b} agglutination of both agar- and 
broth-growTi suspensions of C27 wnth the residual agglutmins were soft and 
floccular- — ^e^3 much like the clumps formed by agglutination of Salmonella 
organisms with pure antisera Morco^e^, a suspension of C27 after treat- 



















nient ith ibsoluto alcohol after the method of Edwards and Bruner (1942) would 
not react \\ ith this same absorbed scrum Further evidence that a labile antigen 
not shared by SIngcUa sonim is present in the C27 culture was demonstrated by 
absorption of C27 scrum by a boiled suspension of the homologous organism 
Although agglutinins for ShgcUa sonnet were removed by this treatment, residual 
agglutinins ^^c^e left for the C27 culture 
Our conclusion that the C27 strain is related to Shigella sonnet phase I rather 
than phase II is based on examination of C27 organisms with phase I and phase 
II sera furnished b}’^ Dr K M A\liceler, and on the outcome of tests with sera 
produced by us A culture of C27 examined by Dr WTieeler was found to re- 
act with his phase I absorbed serum The culture of Shigella sonnet used by us 
for the production of sera and for this study is remarkable for its stabihty m 
phase I It was carefull}’' checked for pliase throughout the study 
Since the finding of the C27 culture, a second motile, paracolonlike organism 
related to Shigella sonnet phase I has been discovered by WTieeler (personal 
communication) It appears possible that similar cultures may be found as the 
use of absorbed Shigella typing serum becomes widespread 

SUMMAUX 

A motile organism of the family Enlerdbaclermccae contammg a somatic antigen 
similar to the major antigen of Shtgellu sonnet phase I is described Biochemi- 
cally this organism appears to be an anaerogenic paracolon 
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The niorpliological elTecls of penicillin on gram-negative nonsporeformmg 
rods, especially Escherichia coh, lia\ c been studied by several authors Gardner 
(1940) reported that grotesque forms of E coh resulted from autolytic swellmg 
when this organism vas ticatcd vith penicillin and that elongated, swollen cells 
resulted from incomplete fission Weiss (1943) showed by electron micrographs 
that certain bacterial cells, vlien medicated vith penicillin, became enlarged and 
fission vas often incomplete The cfTccts of pemcillm on intestmal bacteria as 
reported b}’’ Thomas and Levine (1945) mcluded long twisting filaments in lower 
inliibitorj’' concentrations and cells resembling Pasteur flasks, swelled fusiform 
rods, large globular cells, and irregulai masses m higher concentrations In 
concentrations just above those ^ itli visible gro^vth, globular masses were found 
upon centrifugation and examination of the sediment Normal rods were 
cultivated from tlie masses m the sediment In the same year Alture-Werber, 
Lipschitz, Kashdan, and Rosenblatt (1945) studied the effect of mcompletely 
inhibitory concentrations of penicilhn on Escherichia coh These authors found 
organisms resembling budding fungi in the urine of patients treated with pem- 
cillin Culturing for molds was negative, but E coh was isolated on other media 
and it was concluded that penicillin was responsible for the funguslike appearance 
of the cells in urine This assumption was confirmed by in vitro experiments 
using MacConkey’s agar to which w^as added varymg concentrations of pem- 
cilhn Morphological changes noted were diphtheroidhke, bipolar cells at 
75 units per ml , unsegmented filaments ivith mycehallike appearance at 100 
units per ml, and at 150 units per ml forms similar to those observed in the urme 
specimens, designated as zygosporelike bodies Kojima and Heimbrock (1946) 
and Fennel (1946) confirmed the findings of Alture-Werber et al (1945) Both 
reports indicated that the urine of penicillin-treated patients contamed buddmg 
funguslike forms, which in one case w^ere identified as B aerogenes (Aerobacter 
cierogenes) and in the other as E coh Kojima and Heimbrock did not obtain 
bulbous forms in broth cultures with pemcillm, but Fennel found various bizarre 
types in glucose broth containing various concentrations of pemcillm In all 
of the foregoing cases, when the organisms showing atypical forms were cultured 
on media not containing penicillin, only normal rods were found A short but 
informative review of the action of pemcillm and its effect on bacterial mor- 
phology was given by Fisher (1946) 

Morphological vanation may be induced by agents or conditions other than 
by the use of penicillin Only a few of the more important aspects of the phe- 

183 



184 


SHANAHAN, EISBNSTARK, AND TANNER 


[VOIi 54 


nomena of vanation need be mentioned here Scales (1921) found several 
morphological types of E coh mcludmg coccoidal types resembling those re 
ported m this paper, but mduced by 6 per cent sodium chloride The influence 
of H ion concentration on the structure of Hemophzlits tnfluenzae was noted by 
Reed and On* (1923) Long filaments, coccuslike forms, and a vanety of swollen 
and elongated ceils n ere found at pH 6 5 to the maximum acid pH allowing 
growth, and from pH 8 0 to the maximum alkalme pH allowmg growth In 
his senes of studies on microbic heredity, Mellon (1925a, 19255, 1926), observed 
a funguslike organism m the unne of patients treated with utropm and sodium 
acid phosphate , The organism was found to be E coh on ordinary media, but 
“zy’^gospore” formation w^as noted on media with mducmg substances added 
Coccoid forms follow ed by coarse filaments and rods arose from the ‘‘zygospores ” 
The pleomorphism of B paratyphi B {Salmonella schotimuellen) as reported by 
Kntschewski and Ponomarewa (1934) is especially noteworthy because they 
apparently used no inducing substances, ha\mg cultured the organisms on 
1 to 2 per cent rafl&nose agar Their photographs give excellent evidence of the 
variations of form of bactenal cells Wahlm and Almaden (1939) covered the 
so-called “megalmorphic phase” of bacteria in detail which the interested reader 
may find informative No attempt is made here to review all of the works of 
Dienes and Klieneberger, but it is evident from their w^ork that bactenal varia- 
tion under normal conditions can be demonstrated by proper techniques The 
appearance of fusiform bodies in colon bacillus colonies (Dienes, 1939a), m L 
organisms of IHieneberger and Sireptohacilhis monihfoTTms (Dienes, 19395), m ^ 
Flavohactemtm (Dienes, 1942), m a paramfluenza bacillus (Dienes, 1944), and 
in Proteus cultures (Dienes, 1946) is of mterest due to the resemblance between 
these forms and those mduced by peniciUm in the organisms reported here and 
by others The association of pleuropneumomalike organisms with Sirepio- 
hacillus nwnthformts as reported by Klieneberger (1942) and the pleomorphism 
of Bactcroides strams as shown by Dienes and Smith (1944) are also pertinent 

MATERIALS AND METHODS 

The methods used to demonstrate the effects of subinhibitory concentrations 
on E coh w ere ^ irtually the same as those of Alture-Werber et al (1945) Mac- 
Conke} 's agar (Difco) w as sterilized in 10-ml amounts in tubes and ]ust before 
the plates were poured appropnate amounts of penicillin^ were added to 
final concentrations ranging from 50 to 200 units per ml E coh strain 252, 
Unu crsity of Illinois stock culture collection, was employed as the test strain, 
0 1 ml of a 1 100 dilution of a 24-hour-old culture being added to each tube 
The plates were incubated at 37 C for 18 to 24 hours and gram stains made from 
isolated colonies obtained at the various concentrations of penicillin Suitable 
colonics were selected and a suspension was made for use in preparing mounts 
for the electron microscope The mounts were prepared in the usual manner 
using a collodion membrane, and examination of the specimens was made 
lYith the tyqxi B, RCA electron microscope In order to demonstrate similar! 

' Na Perucillin used was supplied by the Schenley Laboratonea, Lawrenceburg, Indiana 



tics uul (lifT(iou(cs l)(t\\(cii light 111(1 ('ki^tioii mioi()sc()p\ of the same t}pe of 
colls, sti im 2*32 w is ^lown on MicConkcn's igii is folloiis About 0 1 ml of 
moltocl M i( Conlvo\ s igu (onl iming i suit iblo concenti ition of penicillin was 
pipetted onto \ stenle gl iss shde ind iiniiK dutch co\cicd with a stciile co\ei 
slip The littm w is soiled with melted puiflin and the slide cultuic then 
incuh ited eithei on i w urn sf igo it 37 C oi placed in stenle petn plates at 
37 C Fiequent e\ iinin itions wok mule it intcnals until the desued foims 
could he obsened ind photogi iphed undci oil immeision using a Leitz-Wetzlei 
“makim” itt iclied to i 1 dtzAVetzlei micioscopc, Wiatten j\I plates wcie used 
as neg it i\ es 


lu sons 

E cohy strim 252, w is found to glow ibundanth on MacConkey^s agai 
plates in conccnti itions up to 100 units pci ml and to a lessei degiee in concen- 
trations up to 200 units In the lowci conccnti ations theic was little change m 
the moiphologA , but is the unit ige incieiscd moie elongated and swollen cells 
appciicd, m in\ of them icm lining onh paitialh dnidcd The appeaiance of 
\cn luge fusifoim bodies w is cspcciilh noted it 150 and 200 units pei ml on 
the ago pi itcs Ihci weic also icadily found m the slide cultuies at 50 units 
per ml, but at this conccnti it ion thcic w is also an abundance of noimal lods, 
whereas with the highci conccnti ations ncaih of the cells were elongated and 
had fusifoim swellings 

Seicial piepai itions wcic made fiom the agai plates and examined with the 
electron micicscopc It was soon found that low magnification (3,000 X) 
ga\e the lx?st icsults because the fusifoim bodies and elongated cells weie so 
large The photogi aphs shown were made fiom a specimen taken fiom J\Iac- 
Conkey’s agai plate cont lining 150 units pei ml aftei incubation at 37 C foi 
18 houis 

Figuie 1 (no A) shows the appearance of a ^oung fusifoim bod}" near the 
lowei light-hand cornei The entire cell is dense and appaiently homogeneous, 
wheieas the oldei cells as shown towaid the uppei iight-hand coinei are entiiely 
granulated Elongated and paiiiall}" di\ ided dense cells maj" also be seen The 
granulai appeaiance suiiounding the cells may oi may not be of significance and 
this has not been detei mined at this time Figure 1 (no B) shows anothei t}pe 
of cell commonly encounteied and leieals the intense gianulation which can le 
obsened in less degiee with the light microscope Numbeis C and D (figuie 1) 
represent a type of granule found thioughout the entiie specimen, but agam 
the significance of these bodies is not yet cleai Forms similar to these may be 
found in the slide cultuies not only of stiain 252 but of seveial otheis studied 
Figuie 1 (no E) shows two cells only somewhat laigei than noimal cells, but 
the failuie of the cells to sepaiate is cleai ly seen plus the gianulation common to 
older cells Figuie 2 (no A) again shows paitiall} duided cells, piobabl} of 
normal size, and close exammation leieals the piesence of numerous flagella 
It might be pointed out that this strain of E coh is acti\ el} motile and that the 
elongated and fusifoim cells aie appaiently hkewase motile Figure 2 (no B) 
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Fxplanation of Fiolpfs 


TLe photographs in figures 1 and 2 and no V figure 3 were all t iken at a ^ r 15 

ci( '^000 y on the electron microscope ind cnHrged 4 X photo^,r'iphicallv t 

fi Jr’^i as Hken of Ining cdls under oil immersfon f97 X) iMtli i 10 X otul ir and i>r<- 
sented as a contact print, niagoification approximatclj 970 X 
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sents inothei t}pc of foim fiequentl}^ found, being consideiablj'' elongated and 
filimentoiis unth one oi se\ eial spellings along the cell although only one s\^ollen 
poition IS sho^^^l Figuie 3 (no B) is included to show the appeal ance of tins 
sime stiam of E coli when giown on MacConkey’s agai slide cultuies with 50 



Fig 3 


units poi ml of penicillin The inten'^e gianulation of the 18-houi-old colls JS 
quite c\ident ilthough not so well ie\ealed as b} the highei magnification ob* 
t lined with the election micron ope 


DIsrLssiON \ND SLMM VR'i 

^c\cril electron micr(j''(ope pictures ire prose ntid, is well is one light mK ro- 
se oj)c jihotogriph re\eiling the form ind inner *>tuutuic of some of the t\l)C" 
of cclh indiKcd Ia c\po-ure to pcnuillin, u^ing a strain of EschuteJnn colt 
ilbn'rN it ion*' under (jil immersion with light micio^iopj inclic itc that the 
form bodiC" in-e b\ diuit ^welling of i poition of in clongited lod it- 

tempt 1"= m ide it the prennt time to interpret the “-ignifie mee of the intcn^< 
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granulation of (lie fusiform and rod forms as invcaled by electron microscopy 
nor to account for the fate of these cells Work is being contmued along these 
lines and will be reported at a later date 
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ACETIC ACID PRODUCTION FROM ETHANOL BY 
FLUORESCENT PSEUDOMONADS 
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Rccci\ cd for publication April 21, 1947 

Apart from the obscr\alion by Alsbcrg (1911) that glucomc acid is produced 
from glucose by Phylomonas savastanoi, the oxidative metabolism of fluorescent 
pseudomonads has rcccn cd little attention until very recently For the most 
part it has been tacitlj’* assumed that these organisms, by virtue of their obbgately 
aerobic nature, caiTj" out a complete mincrahzation of orgamc substrates (den 
Dooren de Jong, 1926) However, the researches of Pervozvanski (1939o, 
1939b), followed by those of Lockw^ood ct al (1941, 1946), have established the 
unexpected fact that the dissimilation of monosaccharides by the majority of 
fluorescent pscudomonads is accompanied by the production and accumulation 
of the correspondmg hexonic or pentomc acids m large amoimts Some strains 
when actmg on glucose also carry the oxidation further to 2-ketogIucomc acid 
(Per\mz\^an6ki 1939a, Lockwood ct al 1941) and a-ketoglutaric acid (Lockwood 
and Stodola, 1946) The failure of all previous mvestigators except Alsberg 
to obseia^e these phenomena may be ascribed to the use of weakly buffered 
and insufficiently aerated media (e g , the customary tubes of carbohydrate 
broth), smee acidity and poor oxygen supply are both limitmg factors for the 
transformations m question 

The oxidation of monosaccharides to the correspondmg -omc acids is a pattern 
of biochemical behavior that occurs elsewffiere among bacteria, so far as is at 
present known, only m the Aceiobacter group Coupled with the frequently 
overlooked morphological similarities, it serves, as Vaughn (1942) has pomted 
out, to indicate a close relationship between the genera Aceiobacter and Pseu- 
domonas Consequently it seemed of mterest to find out whether the primaiy 
biochemical characteristic of the acetic acid bacteria, namely the oxidation of 
ethanol to acetic acid, might not also exist m the genus Pseudomonas 

RLXTERIALS AND METHODS 

Thirteen strams of fluorescent pseudomonads were studied, of which one 
Was a stram of PseudomoTias aeruginosa and the remamder belonged to the 
Pseudomonas fluorescens species-group ^ Three cultures (designated by the 
prefix NRRL) were received from Dr Lockwood, by wffiom they had been used 
in studies on the metabolism of monosaccharides The others (designated by 
the prefix A3) were isolated locally from soil, usmg the customary enrichment 
methods (den Dooren de Jong, 1926) 

' The term “P fluorescens species-group” is used to designate pseudomonads producing 
a fluorescent pigment but devoid of accessory phenazine pigments (pyocyamn, chloror* 
aphm, etc ) The taxonomic criteria in current use with this group are inadequate, in my 
opinion, to justify any further specific subdivisions 

191 



192 


R T 6TANIER 


[voL 54 


Ability to use ethanol as sole carbon source was tested by streaking on mineral 
agar plates (0 1 per cent NH4CI, 0 1 per cent K2HPO4, 0 05 per cent MgSOi, 
and 1 5 per cent agar) containmg 1 0 per cent ethanol, and comparing growth 
with that on a control plate devoid of carbon source Prelinnnary observations 
on acid production from ethanol were made by streakmg on mineral or peptone 
agar plates containmg ethanol and CaCOs and noting the formation of cleared 
zones m the carbonate around the bactenal growth This method is also ex- 
tremely useful for a rough screemng of strams that produce acid from sugars 
For quantitative studies on ethanol oxidation, the organisms were grown 
m 250-ml Erlenme^er flasks contammg 50 ml of medium Incubation was at 
30 C on a shakmg machme The medium consisted of 0 5 per cent Difco pep 
tone with \ arious concentrations of ethanol and, in some experiments, also 0 5 
per cent CaCOs 


TABLE 1 


Aceitc acid 'production from ethanol hy strains of the 
P fluorescens species-group after 5 days 


STJUON 

XESmUAL ETHANOL 

ETHANOL USED 





mg 

mg 


Umnoculated 

536 




A3 1 

82 

454 

58 

10 

A32 

0 

536 

242 

35 

A33 

21 

515 

145 

21 

A36 

0 

536 

313 

45 

A38 

152 

384 

365 

71 

A39 

0 

536 

45 

6 

A 3 10 i 

48 

488 

71 

11 

NRRL B-13 

24 

512 

5 

1 


Medium 0 5 per cent peptone, 0 5 per cent CaCO*, and 1 0 per cent ethanol 
♦ Expressed as percentages based on ethanol oxidized 


Ethanol was determmed by dichromate oxidation of neutral distillates and 
estimation of residual dichromate, acetic acid, by titration of steam distillates 
The acetic acid was identified by the lodme-Ianthanum reaction and by forma- 
tion of the characteristic copper salt (Meyer, 1933, p 101) 

RESULTS 

Nme of the 13 strams were capable of de^elopmg abxmdantly on mineral, 
ethanol agar with ethanol as the sole carbon source The remammg 4 (including 
two — B-14 and B-25 — ^received from Dr Lockwood) failed to develop 
on this medium Of the 9 positive strains, 7 produced sufiScient acid on mineral, 
ethanol, CaCOs agar to cause a marked dissolution of the carbonate, and one 
more (NRIIL B-13) produced a very shght amount of acid The only ethanol- 
utihzmg stram which failed to produce any acid whatsoever was the isolate of 
P aeruginosa Ethanol also ga\e rise to acid production when the nuneral base 
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xv-is replaced b\ 0 5 per cent peptone, indeed, under these conditions slightly 
more icid ipixinrcd to lie formed 

Quant i( It i\c data on ethanol oxidation and acetic acid formation by the 
S acid-producmg strains arc shoira in table 1 The medium contamed 0 5 per 
cent CaCOj and sbghtlj o\ cr 1 per cent ethanol It can be seen that the degree 
of acctification ^a^es \crj greatU from strain to stram Some carry out a 
Mrtualh complete oxidation of the ethanol ^Mth negligible accumulation of 

TABLE 2 


Total titratahle acidity and final pH produced by three elraine of 
fluorescent pscudomonads tchen grown in 50 ml of peptone, 1 5 per cent ethanol broth 


STBJOK 

THTATABLE AODITY VL OF 0 1 N 

FINAL pH 

36 hr 

60 hr 

84 hr 

84 hr 

Uninoculatcd 

' 2 0 

2 0 

2 0 

7 35 

A31 

1 5 

8 5 

S 5 

4 55 

AJ3 2 

1 3 

10 1 

10 1 

4 50 

A38 

1 "0 

7 0 

7 0 

4 95 


Cultures grown at 80 C on a shaking machine 


TABLE 3 


Aceltc acid production from ethanol bp strain ASS 


irruruM* 

nifAL pH 

1 

TiraATABIX, 

Adcm 

UL of 0 1 N 1 

&ESIDUAL 

ETHANOL 

EtHA^OL 

USED 

ACETIC 

Acm 

FOfiNED 



■■ 

mg 

• 1 

mg ■ 

mg 

Peptone, control 

7 15 



1 


Peptone, inoculated 

8 SO 

HI 




Peptone, ethanol, control 

7 15 

1 8 

535 



Peptone, ethanol, inoculated 

4 55 

10 0 

276 

259 

50 

Peptone, ethanol, CaCOi, control i 

7 75 


555 



Peptone, ethanol, CaCOj, inoculated i 

5 00 i 


57 

498 

231 


Cultures were grown for 5 daj s at 30 C on a shaking machine 

* Constituents of the medium were used in the following concentrations peptone, 0 5 


per cent, ethanol, 1 0 per cent, and CaCOj, 0 5 per cent 

acetic acid, whereas others convert a substantial proportion of the ethanol 
OYidized into acetic acid 

In the absence of CaCOa, acid production (as gauged by titratable aciditjO 
IS slight, even vnth the most actively acetifying strams This is owing to the 
fact that the pH soon drops below 5 0 and the organisms die off T3 pical figures 
for titratable acidities and final pH in peptone ethanol broth cultures are gi\ en 
m table 2 Streaked plates made from such cultures after 3 to 4 dajs reveal 
the presence of very few viable cells A somewhat more detailed picture of the 
effect of CaCOs addition is given for strain A 3 8 m table 3 
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DISCUSSION 

The present demonstration that some fluorescent pseudomonads can produce 
substantial amounts of acetic acid from ethanol might have been predicted m 
the hght of recent work on their metabolism Although acetification is not a 
imiversal property of these organisms, some strams bemg unable to attack pri 
mary alcohols at all, its very existence m the P fluorescens species-group raises 
a nice taxonomic problem, smce the family Acetohactenaceae and the genus 
Acetohacter are currently segregated from other pseudomonads primarily on the 
basis of their ability to produce acetic acid from ethanol In viev of the ex 
tensive morphological and biochemical parallelism between acetic acid bactena 
and organisms of the P fliwTescens type, it seems mdefensible any longer to 
mamtam a family Acetohactenaceae y its members should be mcorporated in the 
family Pseudomonadaceae The genus Acetohacter y if it is to be kept at all, must 
be redefined m a manner which no longer stresses so exclusively the fact of aceti 
fication As an additional differential property, acid tolerance, which is so 
marked m these organisms as contrasted with other heteiotrophic pseudomonads, 
should be considered 


SUMMARY 

Certain strams of the Pseudomonas fluorescens species-group can oxidize 
ethanol with the production and accumulation of acetic acid The mtensity 
of acetification vanes greatly from stram to stram Acetification proceeds best 
in a medium well buffered with calcium carbonate In pooily buffered media, 
ethanol oxidation is soon checked by mcreasmg acidity 

REFERENCES 

Alsberg, C L 1911 The formation of d-gluconic acid by Baciertum savastanoi J 
Biol Chem , 9, 1-17 

Doorex de Jong, L E den 1926 Bijdrage tot de kennis van het minerabsatieproccs 
Thesis, Delft 

Lockwood, L B , and Nelson, G E 1946 The oxidation of pentoses by Pseudomonas 
J Bact , 62, 581-586 

Lockwood, L B , and Stodoi^a, F H 1946 Preliminary studies on the production o 
a-ketoglutanc acid by Pseudomonas fluorescens J Biol Chem , 164, 81-83 
Lockwood, L B , Tabenkin, B , and Ward, G E 1941 The production of gluconic 
and 2-ketoglucomc acid from glucose by species of Pseudomonas and Phytomonas 
J Bact , 42, 51-61 

AIeter, H 1933 Nachweis und Bestimmung orgamscher Verbindungen J Spnnger, 
Berlm 

Pervoz\anski, V V 1939a The oxidation of carbohydrates by fluorescent bacteria 
Khim Referat Zhur , 7, 43 

Pervozvanski, V V 19395 Formation of gluconic acid during the oxidation of glucose 
by bacteria Alicrobiology (U S S R ), 8, 149-159 
Vaughn, R H 1942 The acetic acid bacteria Wallerstem Labs Commun , 6, 5-26 



GROWir RESPONSES OF A SULFONAMIDE-REQUIRING 
MUTANT STRAIN OF NEUROSPORA^ 
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Received for publication May 5, 1947 

A mutant strain of Ncurospora crassa has appeared in which the antagonistic 
roles of p-ammobenzoic acid and the sulfonamides have been reversed to a con- 
siderable e^ent Optimal growth of tins strain occurs onl}’' m the presence of 
sulfonamides Com crscl}^ 71 -aminobcnzoic acid is a potent fungistatic agent for 
this strain under certain conditions 

To sa}’' that sulfanilamide has become an essential metabolite and p-ammoben- 
zoic acid an inhibiting analog v ould be to oversimplify the altered physiology of 
this mutant strain It will be shown that, in this strain, both sulfonamides and 
p-aminobenzoic acid arc essential for grovdih, and that each acts as an inhibitmg 
analog of the other These interrelations are further complicated by the effect 
of temperature on the need for sulfonamides, and on the inhibition by 2 ?-aimno- 
benzoic acid 

The present report deals evclusively mth the growth responses of this mutant 
strain to sulfonamides, to temperature, and to p-aminobenzoic acid At the 
present time nothing definite is knowm of the physiological role of sulfonamides 
in this strain 


MATERIALS AND JIETHODS 

Methods The procedures followed are essentially those described m a previous 
report (Emerson and Cushing, 1946) Growth responses are recorded as growth 
rates, which were determined by the tube method of Ryan, Beadle, and Tatum 
(1943) 

Symbols For the sake of clanty and brevity, the following s 5 anbols wall be 
used 

PABA — p-aminobenzoic acid, HsN ^ ^ COOH 

SA — sulfanilamide, H2N ^ SOONH2 

pab — ^*p-aminobenzoicless,’^ a gene interrupting the synthesis of PABA, 
strain 1633 of Tatum and Beadle (1942) 

-f pab — wild-type allele of pab 

sfo — ‘^sulfonamide -re quirmg,’^ a gene carried by strain E-15172 described 

m this jpaper 

^ Representing work supported in part by a grant from the Rockefeller Foundation, and 
in part by a grant from the American Cancer Society on the recommendation of the 
Committee on Growth of the National Research Council 

* With the technical assistance of Mary R Emerson and Lydia Hawk 
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^Bfo — wild-type allele of sfo 

S-T — ^‘^suKamlamide tolerant/' a gene for resistance to SAN, strain C40 
(Emerson and Cushing, 1946) 

— the wild-type allele of S-T 

Origin of sulfonamide-requinng strain In a previous communication (Emer 
son and Cushing, 1946) mention was made of a mutant strain (E-13190) which 
apparently reqmred sulfonamides for growth Mutant E-13190 appeared as a 
segregant m one ascus of a cross between the sulfanilamide-tolerant strain and a 
wild-type strain [C-40(E-8577)A X E-5297a] 



AT 35 C / <• I ciJr\ 

E-5256, wildtype E-15172, sulfonamide -reqiunng strain (sfo -r / 

sulfanilamide-tolerant strain S-T) , E-13190, double mutant, sulfanilamide toiera 
and sulfonamide-requinng (sfo S-T) 

Mutant strain E-13i90 proved to be a ‘^double mutant" carrying the gene for 
sulfamlamide tolerance (S-T) characteristic of strain C-40 as well as the new 
mutant gene (sfo) for sulfonamide requirement In an out cross of strain 
E-13190 A to wild type (Abb-1 2a) these two genes segregated mdependently 
The gene responsible for sulfonamide requirement was isolated from this cross as 
E-15172A The four different genetic constitutions resulting from this cross 
identified by their responses to varying concentrations of SA (figure 1) ” ® 

double mutant (sfo S-T) has the maximal growth rate of about 2 nun por hour 
characteristic of the S-T strain and requires about 50th molar SA for optima 
growiih at 35 C By itself sfo has a maximal growth rate of over 5 mm per 
similar to that of wild-type, and grows optimally on a much higher dilution o 
SA 
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Genetic tests shou Uni ‘^fo lies \ci\ close to the centromere of a different 
chromosome from tint cnrrMiig S-T ]3otli these genes are independent of pab, 
^^hlch IS located some distance from the ccntromcin of an undetermined chro- 
mosome 

RESULTS 

Substances stwiulalinq groirlh in strain E~15172 The sulfonamide-requinng 
strain is able to utilirc each of tlic sulfonamides that lia\e been tested (figure 2) 
though the concentration necessary for optimal grou^th is different for different 
drugs Grouih was also supported b} p-sulfamido-phen} lalanine,^ but never 
to maximal extent, jx^rhaps because of inhibition resulting from competition 
between this analog and phenjlalaninc (cf Mitchell and Niemann, 1947) 



Fig 2 Growth Rates (in Millimeters per Hour) of Sulfonamide-requiring S^^aiv 
SF o, on Vabiing Molar Concentrations of Different Sulfonamides at 30 O 

See discussion on temperature effect 

Methiomne, the sulfone and sulfoxide of methionine, and taurme were unable to 
support grow'th of this strain, though methionine and its sulfoxide are utilized 
by certain other strains w’’hich require an orgamc source of sulfur (Horowitz, 
mipublished) 

Effect of temperature on sulforuxmtde requirement Although the sulfonamide- 
i^quirmg strain wull not grow^ at 35 C unless sulfonamides are present, consider- 
able growth occurs at lower temperatures in the absence of sulfonamides Data 
from experiments m w hich SA concentration and temperature were varied simul- 
taneousl}’’ are summarized m a contour graph in figure 3 In this diagram SA 
concentration increases from about milhonth molar at the left to hundredth 
molar at the right Temperatures increase from 25 C at the bottom of the 
diagram to over 36 C at the top The contour Imes pass through mtersections 
of temperatures and concentrations at w hich equal growth rates occur 

* The p-eulfamido phenjlalanine was kindly suppbed by Professor Carl G Niemann 
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Fig 3 Grottth Rates of Sulfonamide-requiring Strain, sfo, with Varting 
Temperature and SA Concentration 

Contour lines pass through points having equal growth rates (expressed as imlhineters 
per hour) Concentrations are expressed as moles per liter Rates were determined at 
25, 27 8, 30, 32, 34 2, and 36 4 C, and at twofold dilutions from ii/100 to m/1,638,400, for a 
total of 96 different combinations of temperature and concentration, one quarter of 'vvhich 
were run in duplicate 



Fig 4 Growth Rates of the Sulfonamide-requiring Mutant, sfo, on Varting 
Concentrations of SA (at Left), ann> at Varying Temperature (at Right) 
Cur\e A-A', 25 C, B-B', 30 C, C-C', 34 2 C Curve D-D', m/51,200, E-E', m/6,400, F-F', 
m/400 The curves represent sections through the graph in figure 3 along the lines A-A , 
B B', E-E', etc The points represent observed values 


Sections through this graph parallel to the base give cunTs shotvang the vana- 
tions in growth rates with changing SA concentration at constant temperatures 
Three such sections are reproduced m figure 4 Sections parallel to the sides of 
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the gr-\p\i (ligiirc 3) result in curves showing ^nlatlons in grouth rates with 
chinging (emperalurc at particular concentiations of SA Three such sections 
arc reproduced m figure 4 

Grouth r^tes aix; fairly constant from experiment to experiment throughout 
most of the range co\crcd hy the graph m figure 3 However, when groMh is 
retarded b} liigh concentration or by high temperature, the rates arc much less 
constant and rcproducililc (note points on cur\c C-C' in figure 4) 





to conatrnuTKw houw 

Fig 5 Gro'uth Curves of the Sulfonamide-requiring Strain, sfo, 

ON IDifferent Concentrations of SA at 36 4 C 
The position at hich a cur\ c arises along the base line indicates the molar concentration 
of SA for that curve Over the remainder of the curve, horiozontal distance represents 
elapsed time in hours, vertical distance represents total growth in millimeters Heavy 
lines indicate that crov.th \^as luxuriant, with veil defined frontiers, lighter lines that 
^onth vas “feathery ** The arrows indicate transfers to fresh growth tubes lacking SA 
T, transient, or nonpersistent reversion as shown by such transfers, the fractions show the 
number of mutant nuclei among the total nuclei tested in outcrosses following such transfers 

Reversions When the gro^vth of the sulfonamide-requiring strain (sfo) is 
depressed by simultaneous high temperature and low SA concentration (cf 
figures 3 and 4) the additional comphcation of rcA ersion is encountered By 
"reversion” is meant a fairly abrupt change in growth rate and habit from those 
charactenstic of the mutant strain to those closely resemblmg wild-type 
Growth curves illustrating the character of the growth before and after re- 
version are reproduced in figure 6 At low SA concentrations (m/10,000 or less) 
and high temperatures (34 C or over), growth is characteristically light and 
“feathery,” with no veil-defined frontier Such growth is represented by the 
lighter lines in figure 5 After reversion occurs, the growth of the fungus is 
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Fig 6 Contour Graph Showing Growth Rates of the Sulfonamde- 
requiring Strain, sfo, at 35 C on Varying Molar Concentrations 
OF SA AND PABA 

Growth rates are indicated b\ the contour lines The ratios in the upper right margin 
are the molar ratios of PAB A to S A Based on determinations at 60 different combinations 
of SA and PABA concentrations 

luxunant, and has a sharply defined frontier, such gro-nth is represented bj the 
heavier lines in figure 5 


Conidml transfers from the ends of growth tubes showing reverted growth 
(designated by arrows m figure 5) indicated that the reversions w'ere persistant 
for the most part (see discussion of persistant “adaptive” changes m Emerson 



and Cushing, 1946) Transfers from such tubes to fresh tubes contammg no 
SA generally resulted in growdh resembhng that of wald-type without any pre- 
liminary "feathery” stage such as is characteristic of sfo Furthermore, crosses 
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from such reverted cultures generally showed that reversion had been accompa- 
nied by mutation at a locus distinct from that responsible for sulfonamide re- 
quirement The fractions at the tops of growth cun es in figure 5 show the num- 
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Fig 8 Contour Graph Showing Groi^th Rates of sfo Strain at 30 
C IN THE Presence of Varying Amounts of PABA and SA 
See legend to figure 6 Based on 144 determinations at 96 different combinations of SA 
and PABA concentrations 

her of nuclei carrying such mutations in the total nuclei tested from each culture 
It follows that these mutations are not stnctly reversions, but rather suppres- 
sions of the effects of sfo by another gene 

Since the more rapid ‘"reverted" gro^\"th is presumably always the result of an 



1 ' ai 1 NBXTROSPORA. 


203 


altered genetic const ilution, the rates obtaining before reversions occur are taken 
as clnnctcnstic of sfo 

Compchinc uihtbilton of groulh by p-aimnobcmotc acid Under conditions 
wliich make sulfonamides e''Sential for growth of the sulfonamide-requirmg 
strain, PVIU inhibits growth in ler^ low concentrations When grown at 
35 C 111 the iircsoncc of optimal or siiboptimal concentiations of SA, PABA wtU 
inhibit growth at concentrations as low as millionth molar (figure 6) In the 
presence of in excess of S V, howeicr, rclativel} small amounts of PABA are 
bcncficnl, though inhibition still occurs at higher concentrations The stimu- 
lating effect of PAB V at high S V concentration is principally in shortenmg the 
lag phase resulting from the toxicitj of SA, as illustrated in figure 7, though the 
final growth rate ma} also be increased 



Fig 9 Gnowxn Rates of sfo STR\r^ at 30 C in the Presence of 
m/100 SA AND \arhng Molar Concentrations of PABA 
Growth rates expressed as millimeters per hour Open circles represent data from one 
®^e^ent, solid circles from another Dots connected bv arrows represent growth rates 
which changed during the course of growth down the tube (cf figures 5 and 7) 

At lower temperatures, at ^^hJch sulfonamides stimulate grov^^th but are not 
essential for growth, the inhibitory effect of PABA is very much less (figure 8) 
Relatively high concentrations of PAlBA are necessar 3 ’' for grovi;h inhibition, and 
the inhibitmg concentration is relativel}’' independent of the amount of SA 
present On the other hand, PABA does interfere with gro^-th stimulation by 
SA Maximum response to SA occurs only vhen the molar ratio of PABA to 
SA IS less than 1 to 100 Here again in the presence of excessive amoimts of SA, 
PABA partially overcomes the inhibition caused by the SA (figure 9) 

The simulianeov^ requirement of sulfanilamide and p-aminohenzoic acid by a 
double mutant The sulfonamide-requirmg strain v as crossed to the pab strain 
of Tatum and Beadle (1942), which requires PABA for grovi^h, and the double 
mutant (sfo pab) isolated ^ At 35 C this double mutant requires both PABA 
and SA (figure 10) Over most of the range of concentrations supporting growth 

^ Tatum and Beadle's pab strain 1633A was first crossed to wild-type strain E.5297a and 
the pab gene isolated free from an undesirable gene (temperature sensitive on lactose, etc , 
see Emerson and Cushing, 1946) as strain E-15835a, which was then crossed to sfo E-15172A 
The double mutant, sfo pab, was isolated from this cross in strains E-16608A and E-16613a 
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of the double mutant, a molar ratio of about 1 PAEA to 1000 SA is most favor- 
able An excess of either analog is inhibitory m a competitive manner 

PABA CONCENTRATION 
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— <£» m --4 o y, 



Fig 10 Contour Graph Showing Variation in Growth Rate with Changing 
Concentrations of PABA and SA of the Double Mutant 
( sFO fab) at 35 C 

See legend to figure 6 Based on Si determinations at 52 combinations of SA and PABA 
concentrations 

mscussioK 

Sulfantlamtde as a mefabohie Although groN\"th responses by themselves do 
not prot e that a substance found to be necessary for growth is actually used as 
a metabolite, the data just reported make it seem highly probable that sulfanila- 
mide IS so utilized bj strain E-15172 (sfo) In the first place, of the substances 
tested onl}^ sulfonamides nere capable of supporting groni,h of the sfo strain at 
35 C Secondly, this strain does not produce excessne amounts of PABA and 
thus require sulfonamides as antagonists because (1) Inhibition of wild-type 
Neurospora bj PABA is not antagonized bj SA (Emerson and Cushmg, 1946) 
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(2) Tlic double mutant sfo pab cannot synthesize PABA and needs both SA and 
P^VBA for groA\ih at 35 C In tlic double mutant there can be no question of an 
o\crproduction of P.VB V, ^ et sulfonamides arc still required Thirdly, the com- 
petitnc inhibition of groulh of the sfo strain b^ P^VBA. suggests that the struc- 
turally similar SA is actual^ used as a metabolite 
Snlfamlavudc-p-avit7iohcnzo7C acid ratios In most instances of competitive 
growih inhibition the molar ratio of inhibiting analog to metabohte is rather 
large The competitive inhibition of v\TJd-t 3 "pe Ncurospora b^’' SA is of this sort 
(Tatum and Beadle, 1942, Emerson and Cushing, 1946) It is all the more stnk- 
ing, therefore, that in the PAB V inhibition of the sulfonamide-reqmring strain 
the ratio of inliibiting analog to “metabolite* ** is just reversed, being about 1 
PVBAtolOO SA 


1633 
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ujvcncfi' 
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Fio 11 Fobmal Scheme to Summarize the Interpuvt of Mutations 
Effecting SA-PABA Relationships 

Heavy arrows represent enzymatic reactions, breaks in arrows represent interruptions 
due to genetic blocks or to substrate inhibitions 


Since the molar ratio of PABA to SA is the same regardless of which is the 
inhibiting analog, one is tempted to suggest that the same enz}Uia.Uc reaction is 
involved m both cases If two substrates (PABA and SA) compete for the same 
enzyme, and if both are transformed by that enzyme, the relativ e amounts of the 
two products resulting vnll depend upon the relatn e amounts of the two sub- 
strates Then if 171^-13716 requires one of these end products (Y in figure 11), 
and the sulfonamide-requirmg mutant the other (A^)i the ratios of inhibitmg 
analog to metabolite should be rev ersed as one metabolite is replaced b 3 the other, 
just as reported abov e ® 

A formal scheme givmg a pictorial summao^ of the interplay of the various 


* Nearly everyone with whom I have discussed this case has suggested that the stUfon- 

amide requirement of strain E-15172 might be accounted for by some such scheme I be- 
lieve that the particulars just outhned were first suggested by my collaborator Dr jMarko 


Zalokar 
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mutations studied is given m figure 11 The aminobenzoicless mutant (pab) is 
known to interrupt the synthesis of PABA (Tatum and Beadle, 1942) In the 
absence of PABA the gene pab is sometimes changed to by reverse muta- 
tion, restoring the wild4ype condition m which the synthesis of PABA continues 
normally 

It IS supposed that PABA takes part m more than one essential reaction (e g , 
with substances C and D in the diagram) This would be in agreement with the 
observations of Lampen et al (1946), which suggest that PABA is concerned with 
three different sorts of syntheses The mhibition of growth by SA is supposed 
to be due to substrate competition with PABA in one or more of these reactions 
Such SA inhibition can be lessened by nongenetic adaptation (Emerson and 
Cushing, 1946), or largely overcome by mutation to sulfamlatnide tolerance 
(S-T) Especially in the presence of PABA or sulfathiazole, reverse mutation 
changes S-T back to wild-type (+®~^) 

The sulfonamide-requirmg mutant, sfo, is shown as differing from wild-type 
by needmg the end product Y' m place of Y As illustrated, the double mutant 
pab sfo, requirmg both PABA and SA for groviih, needs X as well as Y' On 
this supposition, SA would interfere with the production of X, PABA with the 
production of Y' It is also possible that m place of X and Y' the double mutant 
needs Y and Y', say m approximately equal amounts Again a balance between 
SA and PABA would be essential as the production of Y is mhibited by excess 
SA, of Y' by excess PABA 

‘Tleversions^^ of the sfo mutant to growth resembling wild-type are due to 
“suppressor’^ mutations These are mutations of a gene distinct from sfo which 
suppress the sulfonamide requirement characteristic of sfo 
The scheme illustrated is meant simply as a convenient summary Direct 
evidence of the role of SA m the metabolism of the sulfonamide-requirmg mutant 
must await the chemical determination of the fate of SA m the organism 

SUMMARY 

Mutant strain E-15172 requires sulfonamides for growth at 35 C At 30 C or 
lower sulfonamides are not strictly essential, but growi:h rates are depressed 
without them 

At high temperatures (34 C or o\er) p-aminobenzoic acid inhibits groivth of 
this strain at high dilutions (10^® molar) Growth inhibition by p-ammobenzoic 
acid IS competitively antagonized by sulfanilamide The ratio of p-aminoben- 
201 C acid to suKamlamide givmg 50 per cent growth inhibition is about 1 100 
A double mutant, carrying the gene for sulfonamide requirement and a gene 
for the failure of synthesis of p-ammobenzoic acid, requires both sulfonamides 
and p-ammobenzoic acid for growth The molar ratio giving maximum growth 
at 35 C IS about 1,000 sulfanilamide to 1 p-aminobenzoic acid 
The possibility that sulfanilamide is utilized by strain E-15172 as a metabolite 
IS discussed 
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THE RELATION OF THE BACTERIAL PRODUCTION OF 
AiMiMONIA G \S TO TliE GROWTH OF OTHER 
iMICROORG VNISMS 

rR.\XCIS J II VAN A^D LILLLVN K SCHNEIDER 
Department of Zoology, Colutnhia Unncrsity, New York 27, New York 

Rccci\cd for publication Ma> 10, 1947 

In an experiment on tlic growtli of Ncurospora crassa a vnde zone of inhibition 
wns obsened on the surface of agar surrounding a contaminating bactenal 
colon} The lieat-resistant contaminant *v\as isolated and labeled UBl A 
fe\\ prelimmarv experiments indicated that the inliibition ^\as of such a drastic 
nature as to ^\ arrant further imcstigation 
Because the 24-hour gro^\ th of UBl, after being streaked across an agar plate, 
complctel} inhibited the gro^^'th of se\eral strains of Neurospora ^hich were 
inoculated about 3 or 4 cm a^^a}, it ^^as suspected that the inhibitmg factor 
may be a gas In order to test this point the follow mg experiment was per- 
formed The base of a petri dish, 7 5 cm m diameter, was sterilized inside a 
10-cm petri dish so that two surfaces of agar completel} separated by glass could 
be prepared as shown in figure 1 Such surfaces were prepared with Fnes 
medium (Ryan, Beadle, and Tatum, 1943) contammg 0 5 per cent ‘'casammo” 
acids and 2 per cent agar A culture of UBl was streaked on surface A and al- 
lowed to grow at 25 C for 40 hours A w'ild-t3T3e stram of Neurospora crassa, 
lA, was then moculated onto the agar contamed m the central petn dish (B) 
Inhibition of mold growth was agam obser\ ed, whereas control plates which had 
not been streaked with UBl permitted luxuriant grow4;h of Neurospora Con- 
sequently, it w as necessar}’' to conclude that UBl produced some substance which 
passed through the air o\ er the edge of the inner petn plate 
In a Similar fashion it w as shown that 8 other strains of Neurospora, mcludmg 
biochemical mutants, could be inhibited by UBl In one experiment, although 
Neurospora was inhibited, the agar in the central plate (B) possessed deep agar 
colonies of a new contammating bacterium In a control plate, which had not 
been inoculated wnth either UBl or Neurospora, no such colomes appeared 
One of these new contaminatmg colonies was isolated (called UB2), and cultures 
of it were mtroduced into the agar m region (B) of the double petn plate Here 
It grew only when stram VBl was streaked around it m region A Thus stram 
UBl, m addition to produemg a gaseous inhibitor of Neurospora, produces a 
gaseous substance w hich enables the growth of UB2 These gases may, of course, 

be the same . 

The pH of the agar medium we had been usmg was 5 6 and optimum for the 
growth of Neurospora It was obseiw^d m some control plates, which contamed 
UBl m region A but no other organism, that the pH of the central agar rose to 
between 7 and 8 Consequently, UBl produces an alkalme gas which can rai^ 
the pH of the agar This accounts for the inhibition of Neurospora, whose rate 
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of growth, decreases rapidly with a change in pH from 6 5 to 8 0 (Eyan, Beadle, 
and Tatum, 1943) In order to detennme whether the change in pH of the 
agar w as also responsible for the growth of UB2, this stram was grown in hquid 
0 5 per cent casammo acids (Fries) at a senes of different hydrogen ion concen- 
trations At pH’s of 5, 6, and 9 it failed to grow, only pH’s of 7 and 8 supported 
growth This property accounts for the stimulation of the groEi,h of IIB2 by 
UBl, but the nature of the alkalme gas produced by the latter organisms re 
mained to be determined 

Since TJBl also changes the pH of the medium on which it grows to about 8, 
ammonia gas can be suspected as the agent In the followmg experiments, the 
agar in region A of the double plates w as brought to pH 7 because better growth of 
UBl occurred there than at pH 5 6 Also for better growth a temperature of 
37 C was used All these expenments were controlled by double plates con 
taming XJBl in region A alone, UB2 in region B alone, UBl in region A and IJB2 
in region B, and, finally, no organisms m either region It was found that 
raising the pH of the central agar m B to 7 by either sodium hydroxide or ammo 
mum hydroxide resulted m the growth of IJB2 m the absence of UBl More 
over, when the central agar contaimng XIB2 was left at pH 5 6 and ammonium 
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Fig 1 Optical Section of the Arbangement of one Petri Dish Inside Another, 
Enabling the Preparation of Agar Surfaces Separated by Glass 

hydroxide, mstead of agar and UBl, w^as placed m region A, abundant growth 
ensued Ammonia gas is therefore able to account for the experimental results 
In order to demonstrate that UBl produces gaseous ammonia, a culture was 
streaked on the agar m region A, while region B, instead of agar and UB2, con- 
tamed 10 ml of 0 05 N sulfunc acid Aifter UBl had grown for 24 hours, the 
sulfunc acid solution was exammed for ammonia with Nessler’s reagent About 
1 22 mg of ammonia was found, whereas about 1 3 mg are required to raise the 
pH of the buffered Fnes medium from 5 6 to 7 5 It therefore appears that the 
gaseous ammonia produced by UBl is sufficient to account both for the stimula 
tion of UB2 and the inhibition of Neurospora 

The ammonia produced by UBl is undoubtedly derived from the ammo acids 
m the casammo medium UBl will not use nitrate or ammonium ions as a 
nitrogen source, nor will UB2 The latter strain, at a pH of 5 6, will not use 
ammo acids either, but will grow at that pH if tryptose is added These 
strams of bacteria differ m other respects, UBl grow^s much more vigorously on 
all the media we have tried, it forms a peUicle on liquid, and its cells are shorter 
and thinner than those of UB2 (length of UBl, 2 to 2 5 ;x, of UB2, 3 to 4 
Both strains, however, consist of motile, aerobic, gram-positive rods which form 
central spores These spores are, in both cases, very resistant to heat and will 
withstand boilmg for 10 minutes In addition, UBl will grow on tryptose at 
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35 C, nltliough apparent!} no better than at 37 C The two strains ha\e not 
been clnrnctcnrcd further but appear to belong to the Bacillus suUtlts group 
The production of nnimonn b\ members of this group has been reported b} 
Cook and Woolf (192S) 


A bacterial strain, secured from a plate contaminant, is able to produce ammo- 
nia gas m such amounts ns to change the pH of buffered agar some distance awa} 
This^haiior can result in the complete inhibition of the growth of the mold, 
Ncurospora crassa^ and, m addition, can enable the growth of a second strain of 
bacteria with a demanding pTI requirement 
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The use of clinractcnstic pigments ns criteria in species differentiation among 
the actmomycctes Ins been ham|X3rcd the comparative lack of knowledge of 
the conditions under ^^hIch these pigments are produced The strikmg red-blue 
indicator pigment of Achjwriiyccs cochcolor (Muller) Lieske has been described 
(Conn, 1943) as a possible taxonomic character The present investigation 
vas designed to determine the cultural conditions vhich affect the formation 
of this pigment, \nth particular regard to carbon nutrition, nitrogen nutrition, 
and pH relations 


JUTERIAnS AND METHODS 

The culture of A cochcolor used has been described by one of us (Conn, 1943) 
as isolate B-3 The basal medium used throughout contained cp glucose, 10 
g per L, Difco asparagme, 0 5 g per L, cp K2HPO4, 0 5 g per L, cp MgS04 THsO, 
0 25 g per L, Difco 3’'east extract, 0 5 g per L, and a minor element mixture com- 
posed of salts of Zn, Fe, Cu, B, Mn, and Mo in the amounts recommended by Rob- 
bins and Ma (1942) In this medium the sugar was found to be S5 to 90 per 
cent utilized in 18 daj s at 25 C, amounts of asparagme in excess of 0 5 g per L 
did not increase dry v eight v^th glucose at 10 g per L The organism v as groum 
on the surface of 50 ml of liquid medium m 125-ml Erlenmeyer flasks In still 
culture this and other actinom^xetes make normal grovi;h only on the surface, 
the flocculent subsurface m5"cehum so often noted in liquid cultures is charac- 
terized by a very slou and irregular growth rate and by poor sugar utilization 

In experiments on carbon and nitrogen nutrition, replicate cultures uere 
harvested at 6, 12, and 18 days after seeding, data from the last period only are 
reported The diy weight uas determmed by drying the mycehum overmght 
at 70 C on tared filter paper All pH measurements Mere made with the glass 
electrode 

, To compare pigment production under different conditions, the filtered culture 
fluid was adjusted to pH 7 0 and diluted with 4 volumes of phosphate buffer 
(pH 6 98) The intensity of pigmentation v^as then read in a Fisher electro- 
photometer against a similarly adjusted and diluted sterile medium, usmg a 
filter with peak transmittance at 650mg 

All cultures were run in triplicate Dry weight determmations were made 
for each flask, other measurements were made on a pooled sample from the three 
replicates 
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CARBON AND NITROGEN NUTRITION 

A condensed summary of data on the utihzation of carbon and mtrogen 
sources is presented m table 1 Dry weight and pigment mtensity were recal- 
culated on the basis of glucose controls m the carbon source experiment, of 
asparagine controls m the mtrogen senes 

Except mth organic acids, unavailabihty of a particular carbon source was 
evidenced not onl}’’ by low relative growth but by a high final pH, resulting 
from the utilization of asparagme as a source of energy Examples of this were 
the media having as carbon source sorbose, mulm, dulcitol, and sorbitol With 
neutralized organic acids as energy sources, a rise m pH was m many cases 
evidence of utihzation 

Study of the growth data mdicates that xylose, mannose, and glycerol were 
better carbon sources than glucose , arabmose proved to be much poorer, probably 
because of the production of acid Sucrose was only slightly utilized, trehalose 
and lactose were slowly available Among the organic acids, acetic, lactic, 
fumanc, succmic, malic, and gluconic acids were able to support growth in excess 
of that m the no-carbon control Tartanc and citnc acids did not support meas- 
urable mycebal growth, although the former was e\ idently attacked sufficiently 
to cause an mcrease m alkalmity 

Pigment formation was proportional to mycelial growth wnth one general 
exception when the final pH was either high or low% pigment intensity was not 
so great as would be expected from the dry weight This is particularly notable 
among the organic acids, m the poorly buffered basal medium the utilization of 
neutralized lactic, fumanc, succmic, and malic acids resulted m final pH values 
aboie 8 7, and no pigment was formed Utilization of acetate and gluconate 
was not accompanied by such extreme alkalmity, and some pigment developed 
A further exception to the general proportionality of growi^h and pigmentation 
was noted m glycerol media The greater relative pigment mtensity was not the 
result of reaction changes, it appears that glycerol specifically favors the produc- 
tion of pigment 

Turnmg to the nitrogen nutntion data of table 1, it is evident that all of the 
four ammo acids tested were utilizable, urea also proved an adequate source of 
mtrogen On the other hand, neither mtrate nor ammomum salts supported 
growth comparable to that with asparagme , m the case of nitrate, the dry weight 
was no higher than m the glucose yeast extract control With ammomum salts, 
the low final pH is the cause of poor growth, this acidity results imdoubtedly 
from preferential absorption of the ammonium ion Supplementary expenments 
with ammomum phosphate at several concentrations showed that satisfactory 
growth occurs if the pH can be held above 6 0 In a poorly buffered medium it is 
impossible to supply enough ammomum mtrogen for utilization of 1 per cent 
glucose without the de\ elopment of too acid a reaction Failure of growth m 
the mtrate medium may be associated with the observ ed heavy accumulation of 
mtnte 

The several peptones tested supported excellent growth and pigmentation 
The latter fact shows that so-called ''synthetic'" media are not necessary for the 
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mcdm ^\ltIl in nnfivonblo reaction Thi/i proportional to growth except in 

reaction 1 l„s ,s not aln ays clear from the 18-day 

TA 

The uUhzalton of ( 


CASBOV Eouicr* 



pH 


None 

i-Asparagine 
Glycine 
/-Leucine 
/-Tryptophane 
Urea 
NaNO, 
(NH4),HP04 
Ammonium 
acetate 
Peptone 
Tryptone 
Casitone 
Pepticase 
Casamino acids 
Sodium 
caseinate 
Gelatin 
Egg albumin 


0 soil 

0 29)1 

1 00)1 
0 78|) 
0 24)1 
0 64)) 

0 50)) 

58)) 

1 00 
00 


None 
d Glucose 
d Mannose 
d Galactose 
d Fructose 
d X} lose 
/ Sorbose 
/ Arabinose 
Starch 
Inulin 
Trehalose 
Cellobiose 
Maltose 
Lactose 
Sucrose 
Glycerol 
Mannitol 
Uulcitol 
Sorbitol 
Acetic acid 
Eactic acid 
Fumanc acid 
Succinic acid 
<//-Malic acid 
Tartanc acid 
Citnc acid 
Gluconic acid 


^ « I I u ^ I I j 

K,HPO,-0 6, MgSO. 7H,0 

I eZ pigment intensity of glucose control taken as 100 

0 25, and Mnor'^em^ts extract-G 5, KjHPO*-0 5, MgSO, 7H,0— 

§ Dry weight and pigment intensity of asparagine control taken as 100 

II Aotal nitrogen, 0 106 g/L 

I’elatively lo^ pigment mtensity of glycme and leucme media 
sociated with an acid reaction (about pH 6 0) earher m the growth cycle 
The same was true of the gelatm medium ^ ^ 

Piem ^ ^'^ggest that the nitrogen sources most favorable for growth and 
entation— asparagine, tryptophane, and the peptones— are so not because 
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of the greater availability of nitrogen per se, but because the utilization of these 
materials is not accompamed by drastic pH changes This, rather than specific 
nutrilite effects, may evplam also the groTA'th-promotmg properties of jeast 
extract 

If this IS indeed the case, an excess of any nitrogen source, if unbalanced by 
an mcrease in the glucose level, should cause a reaction unfavorable for pigment 
formation The experiment summarized m table 2 affords confirmation of this 
hy pothesis Failure of pigment to develop m high peptone media was associated 
i^nth a high pH, but there was no measurable reduction in growth Experiments 
not reported m detail showed that the deleterious effect of high peptone levels on 
chromogenesis can be ehmmated by mcreasmg the concentration of glucose 

TABLE 2 


The effect of peptone concentration on growth and pigmentation of A coelicolor* 


Nr^tOGE^ SOTOCE 

CONCEN 

TKATION 

pH 

DSY 

WEIGHT 

HESrOUAL 

SVGAS. 

COWSt 

PIGMENT 

XSfTENSmf 

Imtial 

Fmal 


tft 




mil 100 ml 



None 


6 62 

7 01 

36 2 

306 4 

p 

12 5 

Asparagine 


6 

6 90 

68 3 

138 1 

p 

26 0 

Peptone 


6 86 

6 99 

54 0 

303 2 

p 

23 0 

Peptone 


! 6 85 

6 98 

87 2 

33 4 

p 

26 8 

Peptone 


i 6 88 

7 69 

83 1 

8 4 

B 

39 3 

Peptone 


6 84 

■ 8 46 

81 7 

13 9 

0 



* Basal medium (g per L) glucose — 10 0, yeast extract~0 5, KtED?0<~>0 5, MgS04 
7 H 2 O — 0 2o, and minor elements Duration of experiment 18 days 
t O—none, P— purple, B — blue 


From these considerations it follows that the apparent utihzation of a given 
source of nitrogen m part depends on the nature of the carbon source used and 
its concentration, smce these factors affect the pH of the medium 

THE INFLUENCE OF PH ON GROWTH AND PIGMENTATION 

Changes m reaction have been postulated as the explanation of several phe- 
nomena of nutntion, especially MTth regard to the utilization of organic acids, 
peptone, and ammomum salts An expenment, summarized m table 3, tested 
the effect of v anations in the imtial pH of the culture medium on growth and 
pigment formation 

Gro^^th occurred m media adjusted mitially to pH 5 0 to 10 9, MTth the maxi- 
mum dry weights at pH 6 9 to 7 7 The range m which pigment formed was 
somewhat narrower, pH 6 0 to 9 9, the optimum for pigment intensity being 
pH 73to77 Itisev ident that the organism is able substantially to lower the 
pH of alkalme media when glucose is the source of carbon, in order to obtain a 
final pH comparable to that attamed in high peptone media, the medium had to 
be mitially at pH 110 The difference between the pH limits of growi^h and 
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those of pigment formation c\i)lains the failure of pigmentation to accompany 
growih in media ^^lllcll become icid or alkaline during metabolism 


TABLE 3 

The influence of the pH of the vicdium on growth and pigment prouetton of A coehcolor* 


uroiru 1 

p 

InitUU 1 

U 

Fxiia! 

DXY WEICHT 

coioxt 

PICltENT 

INTENSITY 

1 



mt 



A 

3 70 , 

3 63 1 

-0 2 

0 


B 

4 21 

4 24 

0 3 

0 


C 

4 OS 

4 92 

27 5 

0 


D i 

C 00 

C 30 

65 0 

R 

12 5 

E 

6 90 

6 69 

89 7 

P 

23 6 

F 

7 31 

6 97 

87 5 

P 

32 9 

G 

7 70 

G 97 

82 0 

P 

34 9 

S i 

S OS 

7 40 

67 0 

1 B 

19 7 

I I 

S 30 

7 46 

61 5 

B 

' 22 9 

J 

9 00 

7 60 

52 0 

B 

21 2 

K 

9 42 

7 SI 

62 5 

B 

18 8 

L 

9 92 

7 94 

M 7 

B 

8 9 

U 

10 92 

' 8 61 

30 0 

0 


N 

11 20 

11 06 

0 3 

0 



* Basal medium (g/L) glucose — 10 0, asparagine — 0 5, yeast extract — 0 5, KiHPO^ — 
0^, MgSOi 7 H 2 O — 0 25, and minor elements Glucose added aseptically after sterilization 
Duration of experiment 18 days 

t Adjusted with HCl or NaOH, pH measured after sterilization 

1 0— none, R — red, P — purple, B — blue 

DISCUSSION 

The controlling factor m the production of pigment a vigorously growmg 
culture of A coehcolor is the reaction of the medium Withm the range which 
permits chromogenesis, the actual color of the pigment is agam determmed by 
pH Of the variety of carbon and nitrogen sources tested, there was none which 
supported growth but not chromogenesis except those compoimds the presence 
of wbch or the utilisation of which caused the pH to drop below about 6 0 or to 
nse above about 8 5 

Within the pH range favorable for chromogenesis there is a discermble effect 
of reaction on the amount of pigment formed The pH range for optimum 
production of pigment is somewhat narrower than the range of maximum my- 
celial growth For this reason it is possible to effect changes m the amount of 
color \suthout changmg the final diy^ weight of the culture 

The possible taxonomic value of the pigments of actmom 3 "cetes has been dis- 
cussed elsewhere (Conn and Conn, 1941, Conn, 1943) The present work em- 
phasizes the need for careful control of certam environmental factors, and demon- 
strates that such control makes it possible to obtam reproducible results 
Parenthetically, it may be mentioned that the strain of A cocltcolov used has been 
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earned in culture for 8 3 ’’ears with no detectable change in the pigment or in 
other characters i 


SUMAIART 

The growth of Actinomyces (Strepiomyces) coehcolor Muller in surface culture 
has been studied with particular reference to the formation of the pigment charac- 
teristic of this species 

In a surv^ey of carbon sources, mannose, xylose, and glycerol were found to 
support the heaviest mycehal growth The organism is able to utilize a wide 
range of sugars, pol> atomic alcohols, and orgamc acids Compounds not utilized 
mcluded sorbose, mulm, sorbitol, dulcitol, tartaric acid, and citric acid, sucrose 
IS only slightly utilized 

Satisfactory mtrogen sources for growth include several ammo acids and pep- 
tones, urea, casern, and gelatm Ammonium salts of weak acids support normal 
growdh only m a buffered medium, m a poorly buffered medium the acidity aris- 
ing from preferential absorption of the ammomum ion mterferes with growth 
Nitrate is absorbed but undetenmned secondary effects make it unsuitable un- 
der the conditions tested 

The optimum pH for growth is pH 6 9 to 7 7, the lower limit of growth is pH 
4 2 to 5 0, the upper limit pH 11 Pigment is formed m media havmg an initial 
pH of 6 0 to 9 9, the optimum being pH 7 3 to 7 7 

Regardless of the specific compounds used to suppty carbon and nitrogen, 
pigment dev elops m any medium able to support mycehal growdh, provided that 
the course of metabolism does not shift the final reaction to either side of the 
range pH 6 0 to 8 5 Any medium, “s 3 mthetic” or not, which supports growth 
without drastic pH changes also supports chromogenesis 
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Considerable idcnce is accumulating concerning the role of growth factors 
in the metabolism of ammo acids b}^ microorganisms Koser, Wnght, and Dorf- 
man (1942) demonstrated a relationship between aspartic acid and biotm m 
that aspartic acid can serve as a partial substitute for biotm m the growth of 
Tontla cremon-s Pantothemc acid mfluences the synthesis of tryptophane by 
Staphylococcus aureus (Sevag and Green, 1944) A member of the vitamm 
Be group, p 3 Tido\al phosphate, is the coenz^mie for the decarbox^dation of 
t}Tosme, 1} sme, argmme, and other ammo acids (Gale and Epps, 1944, Gunsalus, 
Bellam}, and Umbreit, 1944, Baddile}" and Gale, 1945, Umbreit and Gunsalus, 
1945) P^Tidoxamme and p 3 Tido\al are m'vohed m the s 3 Tithesis of hsme, 
threomne, and alanme b} lactic acid bactena (Stokes and Gunness, 1945) 
A combination of ^ itamin Be and CO 2 apparentlj" promotes s 3 Tithesis of argi- 
mne, phen^dalanine, and tyrosme b}’' Lactobacillus arabinosus (Lyman et al , 
1947) 

Few data ha\e been a\ailable concemmg the specific role of biotm m the 
growih of microorganisms That biotm must play an important metabolic 
role IS mdicated b^’’ the need for biotm by many microorganisms for growth, its 
wide distnbution m cells, and its great actn ity per unit weight The data pre- 
sented below demonstrate that biotm is mvolved m the synthesis of aspartic 
acid by microorganisms A prelimmary report of this work has been published 
(Stokes, Larsen, and Gunness, 1947) 

METHODS 

Stab cultures of the bactena were earned m a medium of the followmg com- 
position 1 g of glucose, 0 5 g of Difco peptone, 0 6 g of anhydrous sodium ace- 
tate, salts A and B m half the concentration given m table 1, and 1 5 g of agar 
per 100 ml of medium, at pH 6 8 Inocula for the experiments were prepared 
by subcultunng from stab cultures mto a bquid medium of the same composition 
3<s that given above After mcubation for 16 to 24 hours at 3/ C, the cells of the 
broth cultures were centrifuged, washed wuth water, and suspended m 100 ml of 
Water One drop of this suspension ser\’’ed to moculate each tube m an expen- 
ment The basal medium (table 1) w as prepared as desenbed pve\ lously (Stokes 
and Gunness, 1945) and distnbuted m 5-nil quantities m 22-by-l 50 - mm tubes 

After addition of the experimental compounds, the volume m the tubes v as 
brought to 10 ml wuth water prior to sterilization by autoclavmg Unless m- 
dicated otherwuse, cultures of Streptococcus faccalts R were meubated for 40 
hours and the remainmg organisms for 64 hours at 3 / C, at w hich times maximum 
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acid production has occurred Lactic acid was determined by titration with 
alkali usmg bromthymol blue as the mdicator S faecahs R cultures were ti 
trated vnth 05 N NaOH and the other bacteria wth 0 1 n NaOH S faecahs 
forms less acid than the lactobacilh in the basal medium employed The ti 
trations were made directly m the culture tubes Growth is usually expressed 
in terms of the amount of acid formed m the cultm*es since the latter can be eftsily 
measured quantitatively Synthetic dZ-aspartic acid was used in all experiments 
The biotin was d-biotin obtamed from synthetic dZ-biotin Additional details 
of methods are described later 


TABLE 1 
Basal medium 


(//-Leucine 

100 mg 

f 

Sodium acetate (anhydrous) 

3g 

(//-Isoleucine 

100 mg' 

Ademne 

5 mg 

cff-Valine 

100 mg 

1 Guamne 

5 mg 

/(—) -Cystine 

100 mg 

1 Uracil 

5 mg 

dZ-Metlnomne 

100 mg 

Pantothemc acid 

100 Pg 

(//-Tryptophane 

200 mg 

Riboflavin 

100 MS 

/(“)-Tjrosine 

100 mg 

Thiamine HCl 

100 pg 

(//-Phenylalanine 

100 mg 

Nicotimc acid 

100 

(//-Glutamic acid 

100 mg 

Pyndoxamine 

200 /*g 

(//-Threonine 

100 mg| 

p-Aminobenzoic acid 

20 Pg 

(//-Alanine 

100 mg 

Biotin 

0 l/ig 

(//-Aspartic acid 

100 mg 

Folic acid* 

1 Opg 

/(+) -Lysine 

60 mg 

Salts A 


/(-f) -Arginine 

100 mg 

KjHPO, 

250 mg 

/(-}-)-Histidine 

100 mg 

KH.POi 

250 mg 

(//-Serine 

100 mg 

Salts B 


/(— )-Proline 

100 mg 

MgS04 7H,0 

100 mg 

/ ( — ) -Hj droxyproline 

100 mg 

NaCl 

5 mg 

(//-Norlcucine 

100 mg 

FeS04 7HiO 

5 mg 

Glycine 

100 mg 

MnS04 4HiO 

5 mg 

Glucose 

5 g 

Adjust to pH 6 8 

Add distilled HjO to 

250 cc 


* Obtainable from Dr R J Williams, Umversit> of Texas, Austin, Texas, ptefoyl 


glutamic acid may also be used 

Equivalent to 1 0/ig of material of "potenc> 40,000'* or 1 Opg of pteroyl glutamic acid 

EXPERIMENTS 

In prehminarj evpenments designed to extend the basic microbiological assay 
method for the ten essential ammo acids (Stokes, Gunness, Dnyer, and CasMclI, 
1945) to include the assay of aspartic acid, poor agreement of values at different 
levels of impure proteins vas noted The test organism vas Streptococcus foe- 
calis R, vhich m the usual synthetic media (table 1) requires aspartic acid for 
growth An attempt n as made to improi e the basal medium by increasing the 
content of i itamins and the punne and pynmidme bases fii efold Surprising!' i 
this change caused almost maximum growth and lactic acid formation of o 
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faccahs in the blank tubes which contained no asp irlic acid It appealed, there- 
fore, tint (he increase in grow Ihfactoi supplements stimulated s 3 mthesis of aspar- 
tic acid bj" 5 faccabs Fractionation of the growth factor mixture demonstrated 
that the increase in biotin alone w as I'csponsiblc for the growth of S faccahs m the 
absence of aspartic acid (table 2) Incicascs in adenine, guanine, uracil, ribo- 
flaMii, pantothenic acid, thiamine, nicotinic acid, p-aminobcnzoic acid, pyri- 
doxamme, and folic acid were ineffective in supporting appreciable growth in 
the absence of aspartic acid 

The ability of biotm to substitute foi aspartic acid is not confined to S faecahs 
R V survey of eight additional ispartic-acid-inquiring bacteria revealed that, 
with the exception of the hctcrofcimcntaiivo Lcuconosioc incscnicroides P-60, 


TABLE 2 


Effect of increased coticcntrations of growth factors on development of 
Streptococcus faccahs R in the absence of aspartic acid 


ADDEND Ull* 

CROWTnt 

1 

Ml 0 05 N LACTIC AdO 

FORMED 

PER 10 ML OF MEDHJMt 

Nil 

— 1 

+ 

2 

1 

Aspartic acid, 0 5 mg , 

++++ 

12 

7 

Fivefold increase in 


11 


All Mtamins -}* adenine, guanine, uracil 

++++ 

4 

Adenine, guamne, uracil 


1 

9 

Riboflavin 

+ 

2 

2 

Pantothenic acid 

+ 

2 

1 

Thiamine 

+ 

2 

1 

Ivicotinic acid 

+ 

2 

0 

Biotin 

++++ 

10 

2 

p Aminobenzoic acid 

-f 

2 

1 

Pyndoxamine 

+ 

2 

0 

Folic acid 


1 2 

0 


* Added to the basal medium (table 1) from which aspartic acid was omitted 


t After incubation at 37 C for 40 hr 


addition of excess biotm to the basal medium resulted m full or almost full 
growth, as measured by acid production, of all strains of streptococci and lacto- 
bacilh tested m the absence of aspartic acid (table 3) For Streptococcus /accaZis 
lOCl and F24 and for Streptococcus zymogenes 5C1, 0 5 millimiciograms of biotm 
t'ere sufficient to permit considerable growth m the absence of aspartic aci , 
although the stimulatory effect of additional biotm is clearly evi ent 
In hgure 1 it can be seen that if a production of 6 ml of acid is used as a point 
of reference, it is necessary to supply the Lactobacillus casei strains ^Mth 3 to & 

times, and i arohzuosus with 2 7 times, as much biotm for g^o^vt m e a sence 

of aspartic acid as wffien aspartic acid is piesent Similar ratios were obtame 
for the other bacteria listed m table 3 It is also evident from the graph that 
the lactobacilh require biotm for growth even vhen liberally supplied wi 
aspartic acid, a fact which indicates that biotm is requmed for metabolic func- 
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tions other than those concerned with synthesis of aspartic acid From the 
quantitatn e biotin ratios given above, it appears that much more biotm is neces 

TABLE 3 


Subsltlutton of hiohn for aspartic acid in the growth {acid formation) 
of various asparUc-acid-requiring hacieria 


inCEGOSCWISit 

0 5 UnXIHICSOCEAMS BIOTIN 
PEK 10 IIL MEDIUU 

20 HTT.T.TWTrgnCBAAtg BIOTUr 
PEE 10 ML MEDIUM 

No aspartic 
acid 

2 

dl aspartic acid 

No aspartic 
aad 

2ing 

dl aspartic scid 



ml actd JoTmed per 100 ml medium* 

Streptococcus faecolis R 

0 8 1 

11 1 

8 9 

12 9 

Streptococcus faecahs lOCl 

5 9 ; 

9 8 

10 7 ; 

11 1 

Streptococcus faecahs F24 

4 7 1 

9 8 

11 0 

12 1 

Streptococcus durans 98A 

3 1 1 

11 1 1 

10 8 

11 5 

Streptococcus zymogenes 6Cl 

4 7 ! 

9 8 ! 

11 0 

12 1 

Lactobacillus casei LD5t 

1 2 

8 5 

8 8 

10 6 

Lactobacillus casei 

1 6 

9 0 

8 8 

11 7 

Lactobacillus ardbinosus 17-6 i 

0 7 

9 2 

11 0 

11 5 

Leuconostoc mesenieroides P-60 j 

0 9 

13 4 

0 8 

17 3 


* The lactobacJluB cultures were titrated with 0 1 N NaOH and the remaining cultures 
with 0 05 ^ NaOH after 3 dajs' incubation at 37 C 

t Formerly known as Lactobacillus delbruchn LD5 but recently identified as a strain of 
Lactobacillus casei (Rogosa, 1946) 



millimicrocrams or eioTiN per lo ml medium 

Fig 1 QuAvnxiES OF Biotin Required FOB Gro'rth OF Lactobacilu With AND WxTnouT 

\sPAPTic Acid 

sar^ for synthesis of aspartic acid than for the other function or functions of 
biotin The need of the bactcna for biotm in the presence of aspartic acid ehnu 
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nates the pnsslblhl^ tint ill of the foicgomg results could be explained by as- 
suming tint the bactein do not require ispartic acid but tint giowth with as- 
partic ncid IS due to biotin jux'sent as in impuiit} in the aspartic acid 
The biotm-asparticncid rcl dionship is xci^ specific As pieviously indicated 
(table 2) onlj biotin of the Mtamins tested stimulated growth in the absence 
of aspartic acid Vlso, although S faccahs R, L arahinosxis, and L casei 
require leucine, isoleucinc, valine, cxsline, methionine, trj^ptophane, tyiosine, 

TABLE 4 


Influence of biottn on the ammo acid requirements of lactic acid bacteria 


Aim>o ADD ourma> 

STucrrococcus 
rAECALlS R 

LACTOBACILLUS 
ARADINOSUS 17 5 

LACTOBACILLUS 

CASEI 

0 0005 US 
Biotm 

0 

Biotm 

0 0005 US 
Biotm 

0 1 tig 

Biotm 

0 0005 US 
Biotm 

0 l#ig 

Biotm 


■n 

ml 

aetd formed per 10 ml medium 


None 


13 8 

9 C 

12 5 

8 7 

11 3 

Leucine 


1 2 

0 6 

0 6 


0 6 

Ifloleucine 

mm 

2 1 

0 8 


0 6 

0 7 

Valine 

0 7 

1 4 

0 7 

mM 


0 5 

Cystine 


11 3 

6 3 

8 9 

0 7 

0 7 

Methionine 

■D 


0 7 

1 2 

6 1 

6 1 

Tryptophane 

BH 


0 6 


0 7 

0 7 

Tyrosine 



1 1 

1 0 

1 2 

1 2 

Phenylalanine 

9 9 


05 

0 6 

mm 

0 7 

Glutamic acid 

0 6 


0 5 

0 6 

mm 

0 7 

Threomne 

0 6 

K m 

8 8 

9 8 

8 6 

9 7 

Alanine 

1 

7 1 

6 7 

9 1 

10 0 

8 8 

9 8 

Aspartic acid 

0 9 

12 8 

1 0 

11 6 

2 6 

7 8 

Lysme 

1 0 

0 8 

8 8 

10 2 

8 5 

9 6 

Argmme 

1 1 

1 2 

1 1 

1 0 

0 9 

1 0 

Histidine 

1 6 

1 7 

8 4 

9 6 

8 3 

8 8 

Senne 

7 0 

6 9 

8 3 

9 4 

0 4 

0 6 

Prolme 

12 3 

13 1 

8 8 

10 6 

8 6 

9 0 

Hydroxyprohne 

12 1 

14 0 

8 9 

9 9 

8 9 

9 2 

Horleucine 

11 2 

12 5 

8 2 

10 2 

8 3 

8 8 

Glycine 

7 9 

9 8 

7 7 

8 1 

7 8 

8 2 


phen3dalanine, glutamic acid, thieonine, lysine, arginine, histidme, and serine 
for growth in addition to aspartic acid, the requirement for only aspartic acid is 
eliminated by the use of excess biotin in the medium (table 4) 

So far It has been assumed that the ability of biotm to substitute for aspartic 
acid in the nutrition of the bacteria mdicates that biotin is mvolved m the 
synthesis of that ammo acid However, smee it has been shovm, apparently, 
that the protems of certain algae are lackmg m lysme, tyrosme, argmme, and 
methionine (Mazur and Clarke, 1938, 1942), it seemed necessary to prove a 
the bactenal cells grown with excess biotm m place of aspartic acid actuaUy 
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3 Qj'^steic acid + oxalacetic acid — » aspartic acid + suIfap 3 Tm ic acid (Cohen 

and Hekhius, 1941) 

22 -4-2 O 22 

4 Succinic acid — fumanc acid malic acid — — > oxalacetic 

acid (Harrow, 1940), followed by reaction (1) to gne aspartic acid 

5 Fumanc acid + NHs — > aspartic acid (Quastel and Woolf, 1926) 

6 Pyruvic acid + CO 2 oxalacetic acid (I&ampitz, Wood, and Werkman, 

1943), followed by reaction (1) to gne aspartic acid 

It IS evident that ith the exception of reaction (5), transamination is directly 
or mdirectl}^ mvohed m all of them 

In a t}pical experiment L arabinosvs nas grown m 250-ml Erlenme>ei flasks 
containing 100 ml of the basal medium (table 1) The biotin content, hoiieier, 
was reduced to the \ery small quantity of 05 millimiciogram pei 10 ml of me 
dium, and 200 fig of oleic acid per 10 ml were added as a substitute for the re 
mainder of the required biotm (Williams and Fieger, 1946) The medium ^as 
adjusted to pH 5 6 Cells harvested fiom such a medium are essentially free 
from biotm After incubation for 3 days at 37 C, the cells vere collected by 
centrifugation, washed once with ir/15 phosphate buffer at pH 7, and resuspended 
m suflScient buffer of the same type to gi\ e a gal\ anometer deflection of 5 on the 
E^el 3 ^l photoelectric colorimeter at 520 millimicrons wave length Four-ml 
aliquots of cell suspension were mixed m test tubes (22 by 150 mm) with 10 mg 
each of the compounds shown m table 6 except that 20 mg of dZ-alamne verc 
used To one of duplicate sets, 5 fxg of biotm vere added Where necessary, 
the pH of the suspensions v as adjusted to pH 7 and the y olume to 5 ml The 
thoroughly’- shaken tubes were stoppered and incubated o^ ermght, for approxi- 
mately IS hours at 37 C After mcubation, the aspartic acid in the suspensions, 
cells plus fluid, vas determmed by’- quantitatue assay’- inth Lei(conosfoc mcsai’ 
(eroxdes (Hac and Snell, 1945) employing the medium shovn m table 1 and a 
total assay ^ olume of 1 0 ml Titrations vere made with 0 01 ^ NaOH In 
this uay’- as little as 2 ^g to 10 fig of aspartic acid per ml of suspension could be 
readily measured (figure 2) 

It IS e\ident from table 6 that resting cells of L arahxTiosns form aspartic 
acid from glutamic acid, alanine, or cysteic acid plus oxahcctic acid Malic 
and fumanc acids and to a lesser extent succmic acid can substitute for oxalacc- 
tic acid, presumably because they are com erted to oxalacetic acid by the resting 
cells Hove\er, all of these reactions proceed as veil vithout biotm as vith it 
This clearly indicates that biotm is not imohed m any of these reactions 
The cells m this particular expenment contained less than 04 millimicrograms 
of biotm per ml of suspension as measured microbiologically^ (Wright and Skeggs, 
1944 ) on acid-hy droly zed cells Therefore, the possibility of carry’--o\er of 
significant amounts of biotm by the cells is eliminated Glutamine can repHcc 
glutamic acid to gi\e aspartic acid vaih either malic, fumanc, or succmic acid 
Similar results vere obtained vith L arahinosus cells grovm m media containing 
excess biotm and no aspartic acid, and also m media vith vitamin-frcc casern 
hydroly zate, as a substitute for all of the ammo acids except cystine and trypto- 
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phane, plus cKlicr olcic acid or sufficient biolin foi Imlf-maMmum growth (0 2 
n.,llm,,crog.nm. per 10 ml) reduce o«rn-orer of b.otm from the Si by 
(he cells ]„ eeuersl, msl mg colls of S /newhs R ond L cam gave results simrto 

TABLE 0 

^^'•wo/ion 0 / a^parlxc acid by cell suspensions of Ladobacillus arabmosus 


CTLL8 rtVS ADDC^VDA 


Ko worm 


PLUS DIOTm 


Nil 

Glutamic acid + o\nlacctic acid* 
Glutamic acid -f* malic acid 
Glutamic acid 4* fumaric acid 
Glutamic acid + euccmic acid 
AJanmc oxalacctic acid 
Cysteic acid + oxalacctic acid 


Aspartic acid 
microiram per ml of zus pension 


3 

28 

108 

140 

14 

14 

13 


3 

26 

104 

148 

14 

14 

17 


• Kmety-two per cent pure, kmdiy supplied by Dr L O Krampitz 



Fig 2 Eesponse of Leuconostoc mesenteroides to Z-Aspartic Acid 

^0 those obtained with L arabmosus Indirect evidence that biotin does not 
catalyze any of the reactions m table 6 is the fact that resting cells of L mesen- 
^roiaesj whose requirement for aspartic acid is not influenced by biotm, also 
produce aspartic acid under these conditions 
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No evidence could be obtained vath L arabtnosiis for the formation of aspartic 
acid by the direct amination of fumanc acid Similaily negative results vere 
obtamed with malic or succinic acid and (NH4)2S04 In this connection, hoiN 
e^ er, it may be significant that biotm-deficient yeast cells are markedly stimulated 
by biotin to take up ammonia (Winzler, Burk, and duVigneaud, 1944) Our 
negatn e results may merely mdicate that the proper physiological conditions 
weie not provided m the restmg cell suspension experiments 
Also, no aspartic acid was formed m cell suspensions of L arahznosxis supplied 
with glutamic acid, plus p^Tuvic acid and eithei NaHCOs or CO 2 gas as a source 
of carbon dioxide These negatn e lesults weie not altered by the addition 
of thiamine, pjnidoxamme, p-aminobenzoic acid, riboflavin, pantothenic acid, 
nicotinic acid, folic acid, glucose, and adenosme tiiphosphate to the suspensions, 

TABLE 7 


Stimulation of growth {acid formation) of lactic acid bacteria 
by oxalacetic acid in asparitc-acid-free medium 


COiEPOUND ADDED 

L CASEI 

S FAXCAUS 

L ABABINOSUS 

L 

irPCT’.m’EB PIPES 

Per 10 ml medium* 

ml OJ N oetd formed per 10 ml medium 

Ril 

4 6 1 

0 8 

3 3 

0 5 

dZ-Aspartic acid, 2 mg 

9 6 

6 8 

9 5 

8 7 

Biotm, 0 1 ;xg 

9 6 

6 1 

10 0 

0 5 

Oxalacetic acid,t 1 mg 

7 9 

0 8 

4 1 

0 5 

Oxalacetic acid, 5 mg 

10 0 

0 8 

6 3 

' 0 5 

Oxalacetic acid, 25 mg 

9 4 

0 7 

7 5 

0 5 


* Basal medium contained 0 8 millimicrograms of biotin and no aspartic acid 
t Sterilized by filtration 


by varjung the pH of the suspension from pH 6 to pH 8 , nor by the use of acetone- 
dned cells possibly to increase permeability of the cells to adenosine triphos- 
phate The acetone-dried cells readily formed aspartic acid vhen mixed with 
glutamic and oxalacetic acids 

A suggestion that biotm may be concerned vith the formation of oxalacetatc 
was obtamed from growth experiments m vhich foi L casei and L arahtnosus 
but not for S daccahs R oxalacetic acid partiall} replaced biotin in aspartic- 
acid-deficient media (table 7) The possibility that the activity of the oxalacc- 
tic acid was due to impunties of biotin or aspartic acid was ruled out b}" assa} 
of the preparation for these two components 

SUMMAR’i 

Biotm can completely substitute for aspartic acid m the grovth of Lacioha- 
cillus arahinosus^ Streptococcus faccahs^ and related organisms The biotm 
aspartic-acid relationship is specific, nbofla\m, pantothenic acid, thiamine, 
p-ammobenzoic acid, and pyTidoxamme cannot replace biotm, nor can biotm 
substitute for 14 ammo acids other than aspartic acid vhich are required for 
growth Cells grown vnth biotm contam as much aspartic acid as those grovm 
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TIllC MOHIMIOLOC;^ OF TIIF I.i OF JvLIEXEBERGER 
V\n rj\s RELVT10\SIIIJ> TO STREPrO- 
lUC'lMAh MOMLIFORMISi 

L DII \Ls 

Dcparlmcnl of PafhoJoqtf and Baclcnolnqif of the Ma’isachusclts General Hospital 
and the Uohert II Loirlf Mcmonal of Ilanaid Medical School, Boston, 
Ma'isochu^^clls 

Tlc*coi\P(l for public ition Afa^ 20, 1047 

In 1045 llic ml hoi puhlisliod oh^oix it ions conccining the moi pholog}'' of the 
plomopneiimoni \ gioup of oiguii^ms (Dienes, 1045) The methods used foi the 
stiuh of tliesc oignnisms h ne been ipplied in the pie'^eiit ^^olk to Siieptobacillvs 
momhfoi ind ils Li a m mt 'Jhese oigmisms hue been studied pieAuously 
(Dienes, 1042), but impio\(ments of technique m the meantime ha^e made it 
possible to ol)sei\c moie clenih llie foim of the indn idual oiganisms and then 
clernation fiom eich othei The piopeities of the Li and its connection AMth 
the bacillus ch illengc ‘^c\ci il iccepted concepts in bacteiiolog}'' Most authois, 
taking into consideration that the Li onginates fiom the bacillus, that it is 
serologic ilh similu, and tint undei appiopiiate conditions it lepioduces the 
bacillus, accept the conclusion that these t\\o oiganisms, so different in ap- 
pearance, aie giowth foims of the same oiganism Khenebeigei (1942) lecently 
reaffiimed hci objections to this conclusion, hei chief objection is that the 
morpholog 3 of the Li is diffeient fiom that of bacteiia Hence moie accurate 
infoimation should bung into agi cement the diffeient vieA^s on its natuie 
Such information is needed also as a basis to establish the biological significance 
of these peculiai bacteiial foims 

The difficulties ^\hlch pi evented foi a long time an adequate concept of the 
moi pholog}’^ of the plcuiopneumonia gioup of oiganisms aie piesent in Li to an 
e\en greatei extent The oiganisms aie exceedingb^ fi agile and soft, they ad- 
hcie fiiml}^ to each other, and the colonies giov into the agar In broth, soft 
dense clumps aic formed The best vay to o\eicome these difficulties, as in 
the case of the pleui opneumonia gi oup, has been in the staining of the colonies on 
the agai By studying seveial strains in vaiious stages of development it vas 
possible to obseive the foims vhich compiise the colonies The agai fixation 
method (Klienebegrei and Smiles, 1942), vhich gives excellent piepaiations vith 
many stiains of the pleuropneumonia gi oup, is not applicable to small Li colonies, 
because they eithei do not adheie to the glass or, if they adheie, they are in 
dense clumps Only the suiface of well-developed colonies adheies to the glass, 
t^nd some of the most successful photogiaphs, both of the small and large forms 
of the organisms, vere made fiom such piepaiations This method alone is not, 
hovevei, sufficient foi the study of the cultures because it does not allov one to 

^ The expenses of this investigation have been defra>ed in part by a grant from the Com- 
mom\eaUh Fund This is publication (— ) 94 of the Robert W Lovett Memorial 
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obscnc t c A\liolo course of (heir clcvclopmchl The following studies arc based 
on three strains of Strcptohaallu^ momUJonms and the Li variants derived from 
them 

Tlic organisms in Li colonics appear m two mam forms wth intermediate 
transitional forms Tlic 3 oung colonics and the central mass of well-developed 
colonics consist of small forms Tlicsc arc transformed at the surface and the 
penphety of the colonics by gradual swelling into large round forms similar m 
everj’’ respect to the large forms present m colonics of the pleuropneumonia group 
of organisms and of \ anous bnclena 

The shape of the small organisms appeared most clearly in preparations made 
from cultures on coagulated egg The colonies grew on the surface of this me- 
dium without penetrating it Impression preparations were made from the cul- 
tures following agar fi\atjon As mentioned above, only the surface of the 
colonies adlicrcs to the glass, but in some preparations a few small forms were 
mixed with the large bodies usually present on the surface The smallest organ- 
isms appeared to be distinct! j bacillary Photograph no 2 of figure 1 made 
from such a preparation shows a tinj’^ bipolar-stamed bacillus In photograph 
no 1 of figure 1 llircc small organisms adhere to each other formmg a small 
filament Although tlic}'’ arc darker stained than the organism m the following 
photograph, their shape is distinctly bacillaiy A slightly swollen organism m 
the same photograph shows polar staimng, which is more or less apparent m some 
of the larger forms 

In wet stamed agar preparations the appearance of the small organisms was 
Buuilar The youngest colomes consist of small bacillary forms sometime show- 
mg bipolar stainmg Vigorously growmg young colomes were obtamed wnth the 
following procedure The fresh medium was covered with an agar square cut 
from a 24-hour culture and incubated for 8 to 13 hours The old agar square 
was discarded and the agar under it containing a fresh growth was studied The 
organisms in photographs no 5 and 11 of figure 1 show^ed the bacillary form 
clearly and, m some cases, bipolar staining as well It is hoped that their shape 


No 1 Impression preparation from a young Li colony grown on coagulated egg Fixa- 
non througn the mcaium with Bomn^a solution Staining with methylene blue ana az r 
A 3,000 individual orgamams are clearly visible, a short bacillary filament consisting o 
3 bacilli, a bipolar-stained short bacillus, and consecutive stages in the development ot large 
^orms In one round form the polar staining remains visible 
^0 2 A bipolar-stained bacillus from the same preparation as no 1 X d,uuu 
Nos 3 and 4 The surface of smaU Li colonies photographed from wet stained agar prepa- 
J-ation X 3,000 In the lower part of no 3, a few bacillary forms are discermble besides 
moderately swollen forms In no 4, the colony consists of small forms whose exact sn p 
18 not clearly visible r 

Nos 6,6, and 11 Stained wet agar preparations In no 6 (X 3,000), small bacillary oms 
one round body are visible In no 6 (X 3,000), many bacillary forms are ^sible 
usually arranged in small clumps One small bacillus marked with an arrow shoivs P 
staining No 11 is the same as no 5 enlarged to X 4,500 The shape of *^0 is 

only occasionally apparent, because they are parts of small clumps most of which, ot ne 
cessity, are out of focus 

No 7 Well developed colonies with moderate magnification Stained dry orfiifJrv 
tion X 600 The dense center consists of small foriis embedded in the agar, the periphery 
OMists of large round bodies situated on the surface of the agar nrAnarations 

y Small Li colonies photographed from dried stained 

X 3,000 The shape of indmdual organisms is not clearly visible, but it is apparent that 
^oeir arrangement is similar to that of bacteria m bacterial colomes 
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and structure will remain visible m the reproductions Although the fact that 
the organisms are not m one plane and that they adhere m clumps makes it 
difficult to obtam sufficiently clear photographs 
Photographs no 8, 9, and 10 were made from preparations similar to the pre 
cedmg ones vath the difference that the thm agar shoes were dried on the co^er 
shps Drjong compresses the cultures vertically, and for this reason a large part 
of the colony is seen m sharp focus On the other hand, the individual organisms 
are not so distmct as m vet preparations The most important informations 
obtained from the study of dry agar preparations is that the arrangement of the 
organisms 'm the youngest colomes is similar to the arrangement of bactena m 
bactenal colomes, an observation mdicating a sunilanty of growth and repro- 
duction The small bacillary forms m the photograph made from both wet and 
dry preparations are about f of a micron long and § wide 
The small forms m the Li colomes are transformed by gradual swelhng into 
large bodies In photographs no 1 and 6 of figure 1 the consecutive stages of 
this process are apparent T\Tien the large bodies are fully developed, they some 
tunes appear to be filled with small bacillary forms similar to those grovmg in 
young colomes These small forms are tightly packed in several layers, and their 
actual forms can be seen only occasionally They must be soft and fragile, be 
cause even slight mechanical mjurj'' to the large body destroys them The struc- 
ture of the large bodies was most clearl}^ seen in preparations stamed vuth safra- 
nine after fixation vnth Bournes solution through the agar Photographs 1 and 4 
of figure 2 vere made from such preparations 
The de\ elopment of the large bodies mto Li colomes in transplants has been 
pre^ lousty descnbed Thej mcrease m size, their contours may become uneven, 
and the small Li organisms grow out of them at one or at several points The 
large bodi^ does not genmnate as a smgle orgamsm, hke a yeast cell, for example, 
but it apparent h contains numerous small organisms capable of growth The 
author agrees m this point with IQieneberger (1942), but he has seen no indication 
of the process, postulated by Klieneberger, hy vhich previously separate or- 
ganisms de\elop a common membrane and form a large body The gradual 
svellmg of the small forms into large bodies is apparent in the cultures 

The development of Li has been followed on thin agar slices under a cover slip 
and in stamed agar preparations made from the cultures at short interv als No 
other V lable organisms vere discernible in the cultures except the small bacillary 
forms, the large bodies, and the intermediary forms The viable organisms arc 
stamed mtensely blue by’’ methylene blue, and the cultures stop developing m 
transplants when the blue staining disappears from the colonics Autolysis pro 
duced granules of vanous size vhich are stained pink both by methylene blue 
and Giemsa solution These granules never shov multiplication m transplants 
Similar granules are produced in autoly zed cultures of Slrepiobactllus mombformis 
and are regarded by Klieneberger as forms of Li (1942) According to the ex 
penence of the author these granules do not multiply and there is no reason to 
believe that they represent the Li T\Tien a Slrepiobactllus culture which is not 
grossly mixed vnth Li colonies is transplanted, the Li develops exclusncly from 
large bodies produced by swelling of the bacilli 
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Figure 2 , i, t n 

No 1 Safranine staining after agar fixation X 3,000 Darkl> stained small bacillary 
forms surrounded by halos are apparent in several large bodies . , 

No 2 Large bodies filled itli small bacillary forms in a culture of Sireptobaallus month- 
formis Safranine after agar fixation X 3,000 cti j 

No 3 A large body in a culture o( SlrcptobaciUus momliformts filled ith round granules 
hlethylene blue and azur after agar fixation X 3,000 

No 4 and 5 Enlargement of nos 1 and 2, respectively, to X 4,5UU 
No 6 A large body in a Streptobacillus culture filled ^\lth bacilli of the usual shape 
Giemsa staining after agar fixation X 3,000 n 

No 7 Large body in a Streptobacillus culture filled \Mth bacilli of the usual shape 

Giemsa staining after agar fixation X 3,000 

No 8 Same as no 7, enlarged to X 4,500 Mho v a *^nn 

No 9 A large body similar to those in nos 6 and / stained iMth ^ ictoria blue X 4,500 
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The (le\clopment of Li in the cultiiies of SbcplohaciUus momhfoimts fiom the 
the b'lctein has been pieMoiislj" desciibed (Dienes, 1942) The bacilli s^^ell 
fiist into laige fusifoim bodies and undei appiopiiatc conditions these de^cloI) 
into Li colonies These laige bodies aie in appeal ance and physical piopeitics 
similai to the laige bodies of Li ^Tien the}^ aie fully developed, the}-' aic filled 
\Mth bimilai soft bacillaiy foims and they de^elop into Li colonies in a similai 
V n Ti ansfoimation of the usual bacilli into Li occuis duiing the de^ elopment 
of the hrge bod} Photographs no 2 and 4 of figuie 2 show laige bodies 
developing in cultuies of Sf) cptohaczllus momhfoinns filled with small bacillai} 
foims In photogiaph no 3 the small bodies developed into loiind foinis, and it 
IS cleailv appal ent that the laige bod}" contains many individual oiganisms 
Vlthough most of the laige bodies develop as indicated above, in ceitain cul- 
tiues some laige bodies develop in a dififeient v\ay These laige bodies, a fev^ 
hoius aftei transplantation, appeal to be filled with bacilli of the usual shape and 
dev elop into icgulai bacillar} colonics Then giovHh pioduccs fiist a tiny dense 
lound colon} ven difteient fiom the usual giowih of Siiepiobacilhis, aftei a few 
houis thev lose this chaiactei and become similai to the othei bacteiial colonics 
The development of the laige bodies into bacteria was dcsciibed m a foimci paper 
(Dienes, 1943) The illusti vtions m this papei weic not successfully lepioduced 
and ire lepl iced heie bv bettei ones Vttention is again called to the fact that 
even sti iin of Sticptobacillus md the Li isolated fiom it piesent maikcd individ- 
ual piopcitics It is often impossible to obseive in a given stiain phenomcni 
casilv seen in othei s 


DISCUSSION 

The obbcn it ions dcsciibed giv e further suppoit to the v icw that tlic moiphol- 
ogv of the Li IS bacteiial The small oiganisms in Li colonies uc tin}, often 
bipolai-st lined b icilli Similai foims aie v isible inside the laigc liodics develop- 
ing eithei in bacteiial or Li cultuies Tliese small bacillai*} foims shuc VMth 
the paient oiginism the tendenev to swell to round foims The Li is moic 
plcomoiphit ind li is a moie pionounced tendenev to autol}sis than the puent 
orgmism, but it is C'^^ntiallv similii to the paicnt oiganism both in icgaid to 
form and to rcpioduction The morphologic il difTciences between the Li *ind 
the parent orginism v\crc cxiggciatcd In the u^c of in ippropiiatc metliods of 
ob^erv ition The difrercncc^^ between them are actuallv not moic pionounced 
tlnn tho-e between i ^^mooth md a ven rough pneumococcus colon} It was 
mentioned ibove tint hrge bodies found in the cultures of Slrcptohacillus monil- 
iformis c m develop either into Li or into usu il bacillarv forms This together 
with the ob^erv ition that the 1 1 for i cert im peiiocl ifter isol ition returns casih 
into the Slr(pl/)hacilh(s mchcites that the 1 1 is ippirentlv an inteimediarv link 
in the reproduction of the usu il bacilli from the 1 irge liodics 

Vll thc-e ob-erv itions arc in igreement with the «Jiipposition tint the ii'-u il 
baoillirv forms and the 1 1 are growtli forms of the ime org ini«-m The onb 
characteristic in the development of I ] which w n prev loii^h not noticed in b ic 
terial v amtion is th it the ch inge into 1 1 n preceded bv i morphologir d < li 
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of the parent organism, by 8^^clhng into large round forms These processes are 
not exceptional m SircplohaalUts vwnibfonmsy but they are ^videly distributed 
mgram-negatn c bacilli (Dienes, 1942, 194G) To all appearances these processes 
represent a coniiilex rcproductnc process diCfeient from binary fission The 
author has pointed out that the Li shows many similarities to the so-called '‘hap- 
loform’’ ^east of Winge (Dienes, 194G) 

The morphology" of the Li is similar m all essential charactenstics to the pleuro- 
pneumonia group of organisms Without knoumg the ongm of a culture after 
it has lost its ability" to letum into the StrcptohacilhiSy it would be impossible to 
recognize its identity" on the basis of morphology" 

smatARX 

It IS apparent in appropriate preparations that the small forms of the Li col- 
onies are small, often bipolar-stamed bacilli They" enlarge by gradual swellmg 
mto large forms in which the small bacillary forms are agam reproduced The 
large bodies produced by swellmg of bacteiia m cultures of Streptobaczllus momb 
tfomts contam similar small bacillary forms, and when they genmnate they pro- 
duce an Li colony" Sometimes the large bodies in the Streptobacillxis culture are 
filled w^th bacilli of the usual shape and reproduce the usual bacillary colomes 
The morphology" of the Lj, like that of the whole pleuropneumoma group, is 
bacillary", and the sw elhng mto large round forms and reproduction by these large 
forms IS similar m nature to the analogous processes observed m other bactena 
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The fermcnialion of oxidized or reduced substrates by homofermentative lactic 
acid bactena must necessarily lead either to products other than lactic acid, or 
must require external hydrogen donors or acceptors In a study of the fermenta- 
tion of glycerol, a reduced substrate, by streptococci Gunsalus and Shennan 
(1942) noted among the enterococci two types of behavior, certam strains fer- 
mented glycerol rcadilj" vith a limiting pH about 5, whereas others fermented 
the substrate sloul} and reached a final pH of 5 6 to 6 The latter were found 
to reqmre ox> gen in order to utilize glycerol as an energy source The glycerol 
metabolism of a strain of this tj^'pe has been studied in some detail (Gunsalus and 
Umbreit, 1945) 

In connection uuth the anaerobic fermentation of glycerol, Braak (1928) found 
with colon-aerogcnes organisms that growth would cease before the glycerol was 
exhausted and would start again if more peptone or 5 ^east extract was added It 
seemed not unlikely that such a phenomena might also occur with lactic acid 
organiams 

The present paper deals with a stram of Streptococcus faecahs that ferments 
glycerol readily, with good growi:h, under anaerobic conditions With this stram, 
yeast extract m addition to glycerol is needed for anaerobic growth, whereas with 
glucose as substrate yeast extract is not required The yeast extract can be re- 
placed with fumanc acid if a sufficient level of nboflavm is present — the fermenta- 
tion products bemg primarily lactic and succimc acids 

METHODS 

Culture Streptococcus faecahs, stram lOCl, a typical enterococcus from the 
departmental culture collection, has been used throughout these studies This 
strain, and others which ferment glycerol anaerobically, grows more abundantly 
m ordinary laboratory^ media than strains which feiment glycerol only aero- 
bically These strains also attack a wider range of substrates and yield a wider 
Variety of products (Gunsalus and Campbell, 1944, Gunsalus and Niven, 1942) 

Growth and media The growth was measured turbidimetncally as desenbed 
previously in papers from this laboratory (Gunsalus and Sherman, 1942) Ana- 
erobic conditions were obtamed either by vaspar seals or the chromium-sulfuric- 
^id method as desenbed by MueUer and Miller (1941) The turbidity was 
measured at suitable intervals, and the final pH was detenmned at the end of 
the experiments, with a Beckman pH meter 
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EEStnCiTS 

In order to estimate the amount of growth supported by gl^Terol as substrate, 
a comparison was made of the growth m the base medium, and m this medium 
with glycerol and w’lth glucose as substrates In these studies extra buffer was 
avoided in order that the influence of pH would not be further masked if slight 
fermentation of glycerol occurred 

Influence of Yeast Extract and Oxygen 

Since glycerol is more reduced than lactic acid, and since oxygen acts as an 
aerobic hydrogen acceptor m glycerol fermentation, it was considered possible 
that anaerobically some constituent of the medium might serve as a h5'*drogen 
acceptor To test the effect of media constituents on grovi^h and fermentation, 

TABLE 1 

Effect of yeast extract and oxygen upon growth on glycerol and glucose 
Streptococcus faecalts lOCl 


Base Medium 1 per cent tryptone 

Incubation 10 days, 37 C (anaerobic senes in chromium sulfuric acid jar) 


YEAST EXTSACr 

AEEOBIC GIOWTS* 

ANAEROBIC OROWTH 

Base 

Glycerol 

Glucose 

Base 

Glycerol 

Glucose 

% 







0 

14 

21 

125 

HB 

14 

125 

0 2 

19 

52 

170 


45 


0 5 

28 

70 

200 

30 

60 

74 


1 0 

47 

115 

i 210 

44 



• Turbidity 1 scale umt S 6 /ig bactenal n/10 ml 


the 3 east extract le\el was altered as shown in table 1 One per cent trj^ptonc 
supports sbght growth of Streptococcus faecalts ^ strain lOCl , and glycerol improi cs 
the growth a little, whereas the addition of glucose as an energy source results in 
abundant growth Not onh is the anaerobic growth with glj'cerol poor, but 
aerobic growth is also slight Therefore the tr^^ptone must be deficient in factors 
necessary for the hydrogen transport to oxygen, otherwise, aerobic gl>cerol fer 
mentation should occur (Gunsalus and Sherman, 1942) In the base medium 
5 east extract improves the growth slightly, and the further addition of gl}cero! 
prondes moderate growth stimulation The presence of oxjgen affords some 
stimulation be\ ond that due to the presence of 3 cast extract, indicating that the 
quantit3 of h3drogen acceptor might be limiting On the other hand, the finil 
pH (5 0 wnth ghcerol) ma% become limiting before maximum growth is attained 
The growth, final pH, and titratable acidit3 for se\eral \ ariations in the medium 
are shown m table 2 Although \er3 little acid was formed m the ba^c medium 
the final pH with \ cast extract alone fell to G 0 In the presence of gh cerol tl^ 
hmitmg pH was reached in all media containing 0 5 per cent, or more, ’vcc" 
extract regardless of the !e%el of tiwiitone The gl\ cerol ‘supported about or^ 
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third the g^o^\th, nnd about one-third the acid production, afforded by glucose 
Wliethcr this is due to the difference m fermentation pattern, or more likely, to 
the difference m gro\\ tli afforded by the higher limiting pH with glycerol, cannot 
be determined bj these data The gro^\th with glycerol as substrate can be 
about doubled by the addition of 0 5 per cent dipotassium phosphate, the limiting 
pH IS not always reached in this case Glycerol will support growth and acid 
production only when the yeast extract is added to the medium 

Fractionaiion of Yeast Extract and Rc'placcmcnt with Fumanc Acid 

and Riboflavin 

Initial attempts to fractionate the 3 east extract, as by ether extraction, resulted 
m two fractions neither of which was markedly active alone However, on re- 
combination the3’' exhibited the full activity of 3’'east extract Some fractions 
caused lower pH without much stimulation of growth, whereas others stimulated 

TABLE 2 

Anaerobic glycerol fermeniaUon 
Streptococcus faecalis lOCI 


Incubation 8 days, 37 C in anaerobic jar 


Timos'i 

VUST 

EXTSACT 

j GROWTH* 1 

riNAi. pH 1 

1 

ACID PRODUCTION 

Base 1 

GIj cerol 

Glucose 

Base 

Glycerol 

Glucose 

Base 

Glycerol 

Glucose 

■■ 

% 

i 

1 





fnl N/JO aetd/JO ml 

mm 

0 

16 

19 

88 

6 9 

64 

3 9 

1 

0 : 

3 6 


0 5 

18 j 

56 1 

90 

6 6 

5 2 1 

4 0 

0 1 

1 1 

3 9 



22 

58 

110 

6 7 

6 1 

4 1 

0 

1 6 

4 6 



18 

44 

74 

■ 6 6 

' 5 0 

4 1 

4 

1 0 

4 8 

H 

1 

1 10 

24 

53 

6 0 

' 4 9 

4 0 

' 4 

4 

1 4 4 


* Turbidity 1 scale unit ^ pg bacterial n 


growth without as great a depression in pH, thus suggesting the possibility that 
more than one substance was involved 

Therefore, several attempts were made to replace the yeast activity by known 
compounds As shown in table 3, with glycerol as substrate in a tryptone me- 
dium, a small amount of yeast extract \viU stimulate growth only slightly but will 
stimulate more rapid acid production — final pH 5 0 The acid production 1® also 
stimulated by a mixture of accessory factors, or by riboflavin In the presence 
of traces of yeast extract, or accessory factors, fumanc acid will greatly stimulate 
the growth Although fumanc acid can replace the yeast extract, it does not 
necessarily follow that the action of yeast extract is due to fumanc acid 

Presumably, the fumarate acts as a hydrogen acceptor and additional nboflavm 
IS needed for hydrogen transport The data m table 4, with a synthetic medium, 
show plainly the mcreased riboflavin requirement With the riboflavin and fu- 
marate, glyceiol fermentation proceeds rapidly, 12-hour growi^hs being recorded, 
and appears not to require further fact 01s beyond the requirement for growth in 
glucose It should be noted, however, that the growth wath glycerol as substrate 
still does not equal that wath glucose 
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TABLE 3 

Factors affecting glycerol fermentation 
Incubation 2 days, 37 C Medium 1% tryptone 


ADDInO^S 

CKOWTH* 

pH 

Base 

Glycerol 

Increase 

Base 



None 

1 

18 

30 

12 


6 0 

1 2 

1 

Yeast extract, 0 05% 1 

20 

40 

20 

'HH 

4 9 

2 3 

0 1% 

24 / 

42 

18 


4 9 

2 2 

1 0% 

42 

76 

34 

6 6 , 

4 9 1 

1 7 

Accessory factorsf 

20 

38 

18 

7 2 

1 

4 9 

I 

2 3 

Riboflavin, 5 pg 

20 

32 

1 

12 

7 2 

5 1 

2 1 

Fumarate, 0 5% 

16 

36 

20 

7 2 

6 5 

1 7 

Fumarate Yeast extract, 0 1% 

20 

110 

90 

7 2 

5 3 

1 9 

Fumarate Yeast extract, 0 5% 

27 

' ISO 

153 

7 2 

5 3 

1 9 

Fumarate Accessory factorsf 

15 

110 

95 

7 2 

5 3 

1 9 

Fumarate Riboflavin, 1 pg 

20 

110 

90 

7 2 

5 4 

1 8 


• Turbidity 1 scale unit = 6 /ig bactenal n per 10 ml 

t Contains 2 5;ig thiamine, 5/ig each of riboflavin, pyndoxine, and para aminobenroic 
acid, 20 /ig pantothenic acid, 25 pg mcotimc acid, 1 m/ig biotin, and 0 1 pg glutamine per 
tube 


TABLE 4 

Growth and acid production in synthetic medium 


Per tube 10 ml base medium of Bellamy and Gunsalus (1045) omitting riboflavin and^ 
glucose 

Incubation 12 hours, 37 C ^ 


XIBOTLAVTN 

0 S Gtvcosi: i 

0 5% GLYcraoL 

0 S% CLYCEIOI. 

0 5%nmA»ATc 

^/tnbe 

GroTTtli 

pH 

Growth 

pH 

Growth 

pH 

0 

10 

7 3 

4 

7 3 

4 

7 2 

0 1 

100 

5 6 



31 

7 0 

0 2 

100 

5 1 

20 

7 1 

46 

6 6 

0 4 

100 

5 1 

20 


60 

6 4 

1 0 

86 

5 1 

18 


65 

6 1 

10 0 

90 

5 1 

20 

mn 

56 

6 2 


Fcrmcniatton Products from Glycerol and Glycerol-Fumarate 

Fermentation balances vnth Streptococci faecalis demonstrated that approxj 
mately 95 per cent of the glucose fermented appears as lactic acid (Smith and 
Sherman, 1942) The fermentation pattern can, hov»e\ er, be altered by aUjihne 
reaction (Gunsalus and Xuen, 1942) or with oMdized substrate (Gunsalus and 
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Campbell, 1944) The fcrincntaiion products, with an oxidized substrate such as 
citnc acid, are largclj^ acetic and foimic acids and carbon dioxide, with only a 
trace of lactic acid, thus indicating that ^\hlle this organism is homofermentative 
on a balanced substrate, other fermentative potentialities are present In con- 
trast to the change in products with oxidized substrate, glycerol, a reduced sub- 
strate, 3 uelds maml} lactic acid in a tjyptone ycast-cxtr act base medium (table 6) 
The two extra hydrogens vhich arise from^lycerol are largely unaccounted for 
A more marked fermentation, accompanied by increased growth, occurs in the 
presence of glycerol and fumarate In this cose the products are mamly lactic 
and succmic acids (table 5) In buffered media, especially in the presence of 
calcium carbonate and an excess of riboflavm, the fermentation can be further 
altered so that the quantity of fumarate reduced to succinate is greater than the 


TABLE 6 

Products of glycerol and of glycerol fumarate fermentation 


Base medium 1% to^ptone, 0 2% yeast extract, 0 2% KjHF 04 
Incubation 3 days, 37 C Substrates added aaeptically 


ntODUCTS 

1 % OLVCKBOL 

1 % CtYCEBOL 

1% rUKASATE 


tnu/JOO ml 

mu/ too ml 

Lactic acid 

1 9 

3 04 

Succime acid 

0 46 

3 13 


Base medium as above 1% CaCOi 


STTBSTBATTS FTBUENTED 

psosuers roBicED 

Glycerol 

mu/ 200 ml 

7 1 

Lactate | 

Acetate i 

1 


mu/JOO ml 

3 2 

2 3 

Fumarate 

7 5 1 

Succinate , 


7 5 


lactic acid formed (table 5) In this case more oxidized products, acetic acid and 
carbon dioxide, account for the rest of the glycerol fermented It is not surpns- 
ing that under conditions m which fumarate is a good hydrogen acceptor t e er- 
mentation is altered m the direction of oxidized products, smee it has previously 
been shown that this organism contams a veiy active Kreb’s dismutation for the 
formation of acetic and lactic acids and carbon dioxide (Miller, 19^), as well as 
a system for the conversion of pyruvate to formic and acetic acids (Gunsalus and 
CampbeU, 1944) This would indicate that hydrogen from tnose-phosphate, as 
well as from the glycerol (phosphate), can be transferred to fumarate 


discussion 

The anaerobic fermentation of glycerol by streptococci is dependent upon the 
presence of external hydrogen acceptors, the mam pathway o ^ 

energy liberation proceedmg by the usual lactic acid pathway s is con rary 
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to the results with oxidized substrates in ^\hich a senes of oxidized products are 
formed with energy liberation during fermentation Hoi\c\ er, the result is sim 
liar to that found by Braak (1928) m the colon-aerogenes group Thus it appears 
that these organisms are not able to carrj'* out a more reduced type of fermenta 
tion than the lactic scheme 

The natuie of the hydrogen acceptor of jcast extract that is a^ ailable to this 
lactic organism is unknoi\ n and might bear investigation Also, w hile the mech- 
amsm of the fei mentation scheme ^Mth fumaric acid seems obMOUs, the nature 
of the enzymes should be determined, especially since a fumarate reductase (sue 
cmoxidase?) system m hctic acid bacteria appears not to have been previously 
reported 

Taxonomic considerations could call for a review of the relationship of the 
aerobic and anaerobic glycerol fermentation tv pes of enterococci to Streptococcus 
foccium and Streptococcus glyccnnaccouSy respectively, of Orla-Iensen (1919) 

SUMMARY 

Glycerol fermentation by streptococci has been found to occur only in the 
presence of external hydrogen acceptors, the mam reaction being 

glycerol — > lactic acid + 2H 

Some strains, as described prevnousl 3 % can use only ox>^gen as a hydrogen ac- 
ceptor, the other product being H 2 O 2 

Other strains, as reported m this study, can use an unidentified substrate in 
yeast extract as hydrogenacceptor This can be replaced by fumanc acid, in 
which case the mam reaction becomes 

glycerol + fumanc acid lactic acid + succinic acid 
This reaction requires a higher nboflavin lev^erthan is necessary for glucose fer- 
mentation, very probably for hydrogen transport to fumanc acid With an ex- 
cess of fumarate, oxidized products are formed 
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The re\crsal of the inhibitor} action of antiseptics b}’' substances showing a 
specific affinity for the inhibiting agent has been reported for many compounds, 
the most striking effect probably being the reversal of the action of mercurials 
b} H;S, glutatluone, sodium thioglycolate, etc Valko and DuBois (1944) 
have reported that the germicidal action of cationic detergents against both 
gram-positive and gram-negative bacteria can be reversed by the aniomc de- 
tergent duponol PC (sodium lauryl sulfate) 

In the present work we have studied the ability of anionic detergents to reverse 
or neutralize the action of cationic detergents We have found that anionic de- 
tergents did not reverse the germicidal action of cationic detergents agamst either 
gram-positive or gram-negative bacteria If the cationic detergent inactnated 
the bacteria, the addition of an anionic detergent did not result in any reactiva- 
tion However, when the anionic detergent w'^as added before all the bacteria m 
a gnen inoculum were inactivated by the cation, the anionic detergent could 
neutralize the action of the cation agamst gram-tiegaiive bacteria and prevent 
any further germicidal action on the survivmg bacteria Against gram-posittve 
bacteria the bacteriostatic action of the cationic detergent was not neutrahzed 
by an anionic detergent even though the anion was added before the cation 
The failure to neutrahze the action of a catiomc detergent agamst gram-positive 
bacteria was found to be related to the high degree of selectivity shown by the 
compound for gram-positive bacteria 


EXPEHIMKNa:‘AL 

Choice of neuiraliziTig agent The aniomc detergent duponol PC (sodmm 
lauiyl sulfate) was used as a neutrahzmg agent by Valko and DuBois m their 
studies on the reversibihty of the bactericidal action of the cationic deterpnts 
However, m extract broth, pH 7 2, sodium lauryl sulfate was its^ i^ibitoiy 
against Staphylococcus albus m dilutions as high as 1 20,000 e 
exammed a group of amomc detergents m an effort to fin an ag^ a was 
not bacteriostatic agamst the relatively susceptible gram-positive ac ena u 
Was effective as a neutralizmg agent agamst the cationic etergen s e 
termmed the bacteriostatic action of 12 amomc detergents y see g various 


■ This investigation has been aided by a grant from 

‘The amome detergents tested were aerosol OT tergitol 7, '"‘““Yd' ’tJSates’ 
igepon AP, igepon TD, duponol C, sodium octyl, decyl, lamyl, ^ ^rei lOUsU 

References to the formulae of these compounds and the catiomc de g P 

been given (Klein and Stevens, 1945) * 
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dilutions of the anionic detergents in extract broth, pH 7 2, TOth 0 1 ml of a 
20- to 24-hour broth culture of S albus and determining the degree of inhibition 
after 24 hours' incubation at 37 C 

The neutralizmg action of the compounds against the catiomc detergent 
zephirau was determmed by adding various dilutions of the anions to equal vol 
umes of 1 5,000 zephman broth The solutions were seeded with 0 1 ml of a 
20- to 24-hour broth culture of Escliencim co2^, and the lowest concentration of 
anionic detergent inhibiting the action of zephiran was determined E colt 
was used as the test stram m the neutralization tests since amonic detergents 
have little activity against gram-negative bacteria at pH 7 2 

The amonic detergents vere found to vary markedly m their abihty to neu- 
tralize the action of cationic detergents, and there was in general a correlation 
between the degree of inhibition of S albus and the extent of the neutralization 
of zephiran against E colt No compoimd was found which w^as completely 
noninhibitory agamst S albus and still effective in neutralizmg the action of 
zephiran against E coh Sodium decyl sulfate was found to be the best neu- 
trahzmg agent and the only compound which combmed a low bactenostatic 
activity with a high degree of neutralizing action against E coh It was only 
slightly inhibitory against 5 albus m a I 5,000 broth dilution, was not mhibitoiy 
at a 1 10,000 dilution, and was completely mactive against the gram-negative 
bacilli m a 1 5,000 broth dilution, pH 7 2 The addition of an eqmvalent vol- 
ume of a 1 5,000 dilution of the compound permitted the growth of E coh m a 
1 5,000 broth dilution of zephiran Sodium decyl sulfate was also found to 
neutrahze effectively the action of the cationic detergents ceepryn, phemerol, 
and emulsol 607 agamst E coh 

Failure to obtain reversal of the geT7nic2dal action of the catwmc detergents In 
our studies on the abihty of the anions to reverse the action of catiomc detergents, 
vre first repeated the procedure used by Valko and DuBois Three amonic de 
tergents were used as neutrahzmg agents duponol C, a commercial grade of 
alkyl sulfates, primarily sodium lauryl sulfate, sodium laurjd sulfate, and sodium 
decyl sulfate Our test procedure followed that of Valko and DuBois though, 
m addition to broth subcultures, plate counts were used to determine quanti 
tatively the degree of reversal To varyung dilutions of the cationic detergents 
in distilled water, 0 5 ml of a 20- to 24r-hour broth culture of the test bacteria 
were added After 5 mmutes at room temperature (several tests were run at 
37 C with simdar results), 4 loops were subcultured into extract broth and a 
1-ml sample was removed and diluted m salme, counts were determmed m 
extract agar Immediately after the removal of the sample for platmg 0 5 ml 
of the test concentration of the aniomc detergent were added to the solution of 
catiotuc detergents Five or 10 mmutes (several tests were also done at 30 
minutes) after the addition of the amonic detergents, broth subcultures were 
agam made and a 1-ml sample was removed, diluted m salme, and plated out to 
determine the degree of reversal effected by the amonic detergent Four test 
strains were used, ^Staphylococcus aureuSy Eschenchia coh, Shigella faradysentenae 
(Flexner), and Salmonella schoiimuellen A total of 30 assays were done with 
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the cationic detergents repliirnu and pliemcrol Though the dilutions of the 
cationic detergents and the anionic detergents varied from 1 3,000 to 1 20,000 
and the ratio of cation to anion \ aricd from 1 1 to 1 G, in no case was any evi- 
dence of rc\crsal obtained in the germicidal range of the catiomc detergents 
As determined by plate counts, there v as never any increase m the number of 
Mable bacteria after the addition of the neutralizing agent Broth subcultures 
from the germicidal concentrations of zephiran and phemerol were always nega- 
ti\c, and all subcultures remained negatn c after the addition of the neutrahzmg 
agent 

Ncutralizaiioii of Uic action of caiiomc detergents against gram-negaiivehactena 
Though no rc\crsal was obtained wath the germicidal concentrations of zephiran 
or phemerol, it was thought that reversal might be effected with the more dilute 
concentrations of zephiran in the bacteriostatic range With sodium decyl 
sulfate as the neutrahzmg agent, the following test procedure was used For 
each test a duplicate senes of broth tubes contaimng dilutions of zephiran 
rangmg from 1 1,000 to 1 3,000,000 were seeded with 0 1 ml of a 20- to 24-hour 
broth culture of the test bactena After the bacteria were m contact with 
zephiran for 15 minutes at room temperature, equal volumes of sodium decyl 
sulfate in a broth dilution of 1 5,000 (1 15,000 and 1 25,000 sodium decyl 
sulfate were also used against the gram-positive bactena) w^ere added to one 
senes of tubes, and equal volumes of broth were added to the control zephiran 
tubes The cultures w ere incubated at 37 C for 24 hours, and the titers obtamed 
with the zephiran alone w ere compared wth the titers obtamed with the zephiran 
and sodium decyl sulfate A total of 17 gram-negative and gram-positive 
bactena were studied As shown m table 1, sodium decyl sulfate differed 
markedly in its zephiran-neutrahzmg action when tested agamst the gram- 
positive bactena (and menmgococcus) and the gram-negative bactena There 
was only a slight degree of neutralization of zephiran action agamst 3 of the 10 
gram-positive bactena, but effective neutrabzation was obtamed with all of the 
gram-negative bactena 

In order to determine whether growth m broth tubes to which sodium decyl 
sulfate was added was an actual reversal of zephiran action on the gram-negative 
bactena or merely an interruption of the continued action of zephiran (neutral- 
ization) the foregoing test procedure w^as modified as shown m table 2 The 
data reveal that the gro\vth obtamed after the addition of sodium decyl sulfate 
was not a reversal phenomenon, as mdicated by the absence of any significant 
increase in the bacterial count Sodium decyl sulfate memly mterrupted the 
continued action of the zephiran, upon further mcubation the viable gram- 
negative bactena present at 15 mmutes m zephuan alone were inhibited, whereas 
the addition of the sodium decyl sulfate neutralized the zephiran and permitted 
the surviving bactena to grow out 

Failure to ohUiin neutralization of the action of zephiran against the gram^po^iive 
bacteria Though viable gram-positive bacteria were present in the high zep toan 
dilutions at the time of the addition of the sodium decyl sulfate, no si^ficant 
degree of neutralization was obtamed (table 1) Inhibition of growth by t e 
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sodium decyl sulfate m as not a factor in the failure to obtain neutralization since 
a 1 30,000 broth dilution (equivalent to the 1 15,000 sodium decyl sulfate 
added to an equal volume of zcphiran) permitted the grovi,h of an inoculum of 
10 to 100 bacteria from a S axircus broth culture As shown in table 3, neither 
sodium decyl sulfate nor sodium lauryl sulfate was able to neutralize the baderw 

TABLE 1 


N entrahzation of Ihc baclenosiaiic aclxon of zephtran hrolh by Bodtum decyl Bulfale 


csAit posrmx bacteria 

EEPHIRAN BROTH* 

ZEPHIRAN BROTH PEGS 1 5 000 
SODtUM DECVL SHlPATEt 

Itihibited by 

I Growth in 

Inhibited by 

1 Growths 

Staphylococcus aureus 5A 

1 l,000t 


1 800 


Streptococcus pyogenes 

1 800 

1 1,000 

1 600 


Bacillus subttlis 

1 1,000 

1 2,000 

1 800 

1 1,000 

Staphylococcus aureus 4A 

1 1,000 

1 2,000 

1 1,000 

1 2,000 

Staphylococcus albus 

1 soo 

1 1,000 

1 800 

1 1,000 

Bacillus mycotdes 

1 soo 

1 1,000 

1 800 

1 1,000 

Sarcina lutea 

1 2,000 

1 3,000 

1 2,000 

1 3,000 

Gajfkya tetragena 

1 2,000 

1 3,000 

1 2,000 

1 3,000 

Dtplococcus pneumoniae 

1 200 

1 400 

1 200 


Netssena tniracellulans 

1 400 

1 500 

1 400 


GRAM NEGATIVE BACTERU 





Eberthella typhosa 

1 40 

1 80 

1 5 


Shigella paradysenienae (Flexner) 

1 200 

1 400 

1 20 

1 40 

Escherichia colt 

1 100 

1 200 

1 5 


Proteus vulgans 

1 20 

1 40 

1 1 

1 5 

Salmonella sckottmuclleri 

1 100 

1 200 

1 10 

1 20 

Salmonella paratyphi 

1 10 

1 20 

1 1 

1 5 

Pseudomonas aeruginosa 

1 1 

1 3 


1 1 


* Neissena tniracellularts, Streptococcus pyogenes, and Dtplococcus pneumontae were 
grown in Difco phenol red glucose broth, pH 7 2 The activity of zephiran in this medium 
was less than in the extract broth, pH 7 2, used in all other assays 

t A 1 15,000 sodium decyl sulfate broth was also used as a neutralizing agent against 
all of the gram-positive bacteria and Neisserta tntracellulans A 1 25,000 sodium decjl 
sulfate brotb was also used against Streptococcus pyogenes, Dtplococcus pneumomae, and 
Netssena tntracellulans Titers were sinular at all concentrations of the neutralizing 
agents All readings were taken after 24 hours ^ incubation at 37 C 
t Indicated dilutions X 10“* 

static action of zephiran against gram-positive bacteria when added before the 
bacteria The addition of sodium decyl sulfate to the zephiran before the addi 
tion of the gram-negative bacteria did result m effective neutrahzation 

Though the anionic detergent did neutralize the immediate germicidal action 
of zephiran against giam-positive bacteria, the bacteria w^ere not capable of 
growing For example, ■when 1 10,000 or 1 20,000 sodium lauryl sulfate brotb 
was added to equal volumes of 1 10,000 or 1 20,000 zephiran broth and tb^ 
seeded with S aureus, the rapid germicidal action of zephiran was neutralized, 
hut after 24 hours’ incubation the viable bacteria failed to giow and plate counts 












TABLE 2 

AVu/rflhra/ion 0/ acixon of zcphtran by sodium decyl sulfate 
(Eschcnchta coW 


ttpniXAN jxom DiLxrnovs 


- 

^ 1 10,000 

1 20,000 

1 40,000 i 

SroUi Contro 

A 16 min in zephiran broth Bac- 
- tena per ml 

7 X 102 

11 X 10' 

3 2 X 10' 

1 5 X 10® 

Growth in 24 hr j 

0 

0 

0 

++++ 

B 15 min m zephiran broth 1 4,000 1 
sodium decyl sulfate broth added 
After 15 nun bacteria per ml 

17 X 10* 

7 8 X 10< 

5 4 X 10« 


Growth in 24 hr 

+++ 

++++ 

H — hd — b 

++++ 


The titer of zephiran in this assa> was lower than it was in previous assays 
Similar results were obtained in Ee\cral assays with Shigella paradysenteriae (Flezner) 
and Salmonella parafypht 


TABLE 3 

Nculrahzaiion of aclion of zephiran by sodium decyl sulfate 
{Staphylococcus aureus strain 4A) 


ZEPEISAK SXOTH dLimOKS 



1 25* 

1 50 

1 100 1 

1 200 

1 400 

1 600 , 

1 soo . 

1 1 000 

Control 

Zephiran broth Growth 
in 24 hr 

0 

0 

0 

0 

0 

1 

0 

1 

0 

+++ , 

1 

++++ 

Zephiran broth plus 

1 15,000 sodium decyl 
sulfate Growth in 
21 hr 

0 

0 

0 

0 

0 

0 

0 

d — 1 — b 

++ + + 

Zephiran broth plus 

1 50,000 sodium decyl 
sulfate Growth in 
24 hr 

0 

0 

0 

0 

0 

0 

1 

0 

+++ 

1 


(Eberthella iyphosa) 



1 5* 

1 10 

1 20 

1 40 

1 80 

Control 

Zephiran broth Growth in 24 
hr 

0 

0 

0 

0 


++++ 

Zephiran broth plus 1 10,000 
sodium decyl sulfate Growth 
in 24 hr 





++++ 

-t-+++ 


Equal volumes of zephiran broth and sodium decyl sulfate broth combmed before seeding 
With 1 loop of a 20-hour culture of S aureus or E Iyphosa Similar results were obtained 
With S aureus when 1 25,000 and 1 50,000 sodium lauryl sulfate were used as the neu- 
tralizing agent 

* Indicated dilution X 10"’ 
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made after 6 and 24 hours^ incubation sbo'wed a gradual reduction in the nuinbei 
of viable bacteria 

Selechviiy of the action of cationic detergents On the basis of germicidal activity 
and the inhibition of bactenal respiration (Baker, Harnson, and Miller, 1941) 
the cationic detergents have been found to be relatively nonselective m their 
activity against gram-positive and gram-negative bacteria, showmg only a 
slightly greater activity against gram-positive bactena than against gram 
negative bactena In the present studies on the bactenostatic activity of 
zephiran, however, the compound, as showm in table 1, has, after neutrahzatioB, 
several hundredfold greater activity against the gram-positive bactena (and 
Neisseria tniracellulans) than against the gram-negative bactena, a selectivity 
quite similar to inhibitors such as penicillin or gentian violet 

DISCUSSION 

Our results have shown that amomc detergents are not capable of reversing 
the acUon of cationic detergents in a manner analogous to the reversal obtained 
with H^S actmg on HgCh Hotchkiss (1946) has reported that relatively high 
concentrations of cationic detergents damage the bactenal cell with a subsequent 
release of the intracellular constituents into the surrounding medium HgClj 
did not effect this destruction of the cell Under such conditions one would not 
expect any reversal of the action of high concentrations of zephiran, and no re 
versal was obtained m the present work 

Our results on the selectivity of action of zephiran on gram-positive bactena 
mdicate that it has essentially the same bactenal spectrum as an agent such as 
pemcillm The recogmtion of the selectivity of action of penicillin and the 
classification of zephiran as a relatively nonselective inhibitor is probably due 
to the fact that we routinely test our chemotherapeutic agents by means of 
bacteriostatic tests, whereas germicides are ordinarily assayed by means of the 
phenol coefficient test The high concentrations required for the bactencidal 
action of the compound obscured the selective action in the bacteriostatic range 

The high bactenostatic activity of zephiran against the gram-positwe bactena 
and the failure of anionic detergents to neutralize this action indicates a specificity 
of action not revealed in the studies on the inhibition of bactenal respiratioa 
(Baker, Harnson, and Miller, 1941) Gale and Taylor (1946) have found that 
the assimilation and concentration of glutamic acid is restricted to the gram 
positive bactena and this mechanism is specifically inhibited by pemcillm 
view of the similarities m the susceptibihty of gram-positive and gram-negatne 
bacteria to penicillin and zephiran, it is possible that the relatively selective 
gram-positive bactenostatic activity of zephiran may be related to a similar 
mechanism 


SUMMARY 

The activity of the catiomc detergents zephiran and phemerol against 
positive and gram-negative bactena could not be reversed by the anionic de- 
tergents sodium decyl sulfate or sodium lauryl sulfate 
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Anionic detergents neutralize the bnctcnostntic action of zephiran against 
grnm-negatn c bacteria but do not neutralize the bacteriostatic action of zephiran 
against gram-positnc bacteria 

The cationic detergent zcjihiran in its bacteriostatic range has a high degree 
selcctnity and possesses seicral hundredfold greater activity against gram- 
positne bacteria than against gram-negative bactciia 
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Antibiotics 'ire frequently looked upon as piimanly bacteriostatic agents, 
m spite of the fact that then bactericidal properties have been definitely estab- 
lished The reasons for such assumptions are dependent largely upon the follow- 
ing characteristic properties of antibiotic substances 1 Compared to chemical 
antiseptics, antibiotics c\crt a much sloner bactencidal effect upon sensitive 
organisms 2 The bactericidal action of an antibiotic depends upon a number 
of factors, as, foi example, the age of the bacterial culture, penicilhn is largely 
bacteiiostatic against old cultures but it is bactericidal as veil for young, rapidly 
gromng cultures of bacteria 3 Frequentlj'- a much larger concentration of the 
antibiotic is required to kill the bacterial cells than is necessary to inhibit their 
grovth 4 Allien a few viable cells are left m the culture to which the antibiotic 
has been added, especiallj'' when those cells are more resistant to the action of a 
given concentration of the antibiotic, they begin to de\eIop rapidly, givmg rise 
to a more resistant culture, the impression may thus be produced that the anti- 
biotic has only a limited bactericidal effect 

In a comparative study of the bactericidal action of a number of antibiotics 
(Waksman and Reill}^ 1944), the conclusion was reached that those agents 
which are characterized by a high bacteriostatic action against a certain orgamsm 
are also strongly bactericidal Tins action depends upon both the nature of the 
orgamsm and that of the antibiotic 

The use of streptomycin in the chemotherapy of tuberculosis has recently 
focused particular attention on the problem of the bacteriostatic vs bactericidal 
action of this antibiotic The fact that tubercular infection in experimental 
animals is not rapidly eliminated by treatment w^th streptomyem, an antibiotic 
which possesses marked antituberculosis properties (Schatz and Waksman, 
1944), gave the impression that this antibiotic acts laigely as a bacteriostatic 
rather than as a bactericidal agent (Hinshaw and Feldman, 1945) This con- 
clusion was based primarily on the fact that streptom 3 ^cin does not bring about 
complete sterilization of the animal body Upon cessation of streptomycin 
therapy, the few’’ remaining cells which in the meantime may have developed 
resistance may begin to multiply again A state of reinfection may thus be 
brought about, giving the impression that the antibiotic did not exert any 
bactericidal action at all 

^ Journal Senes paper, New Jersey Agricultural Experiment Station, Rutgers Univer- 

Bity, Department of Microbiology , i. j 

* Partly supported by grants made by the New York Foundation and the Albert and 

Mary Lasker Foundation of New York 
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It has been amply demonstrated (Waksman, 1947), however, that various anti^ 
biotics exert a marked bactericidal effect upon the gram-positn e and gram-nega 
tive bacteria Although the early demonstration (Schatz and Waksman, 1944) of 
the bactericidal action of streptomycin may be considered as inconclusive 
(Middlebrook and Yegian, 1946), lack of suitable methods for the enumeration 
of tubercle bacteria pre\ented at that time the presentation of results in more 
accurate form, although there w as no doubt that the antxtuberculosis effect of the 
antibiotic wms also markedly bactericidal By the use of a rather crude tech 
mque it was demonstrated that when 200 to 300 fig per ml of streptomycm were 
allowed to act upon clumps of the human stram of the tubercle organism (H37) 
for se\eral days at 37 C, there was a stnking reduction m the number of viable 
cells 

Streptothncm, an antibiotic closely related to streptomycm, was also found 
(Woodruff and Foster, 1944) to exert a tuberculocidal action, three units of 
streptothncm per milliliter of culture bemg required to kill all the cells of the 
nonpathogenic strain of Mycohacicnum iuhercnlosis no 607 m 14 days, a bactenO' 
static effect was brought about by only 0 3 to 1 0 unit 

The bactericidal action of streptomycin upon the tubercle organism in experi 
mental infections as well as in climcal tuberculosis has also been estabhshed 
This hardly justifies the previous statement that streptomycin is largely tuber- 
culostatic and not tuberculocidal This w^as well expressed recently by Dr 
Feldman (1947) “Evidence obtamed from climcal sources mdicates quite defi 
mtely a marked diminution m the number of tubercle bacilh that can be demoB’- 
strated by cultural means from such materials as bronchial secretions, gastric 
w ashings and unne after the patient has been imder treatment wath streptomycm 
for some time 

Recently, suitable media have been developed (Dubos and Davis, 1946) for 
obtaining diffuse growth of M tuberculosis throughout the culture This per 
nutted the use of accurate turbidimetnc methods (Smith, 1947) for the quanti 
tative estimation of the growth of the organism and for the e\ aluation of the 
effect of antibiotics upon the course of its multiplication When agar is added 
to such media, the exact number of hving cells of M tuberculosis m a given 
suspension can be determined, thus makmg it possible to measure accurately 
both the tuberculostatic and the tuberculocidal action of an antibiotic, and to 
mterpret more closely the relative significance and the interrelations of these 
two phenomena m the survival of this orgamsm in an artificial culture or m the 
body of the host 


EXPERlMENTAIi 

Orgamm^ aiid methods The foUowmg mvestigations were undertaken for the 
purpose of clanfymg the bactenostatic vs the bactericidal effects of streptomy cm 
upon certain acid-fast bacteria For this purpose, various saprophytic and 
pathogenic organisms were used Most of the cultures, with the exception of 
the two human pathogens, were obtamed from the American Type Cnltvre 
Collection 
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These ^fijcobaclcnum cultures ^^crc M plilci^ the so-called timothy hay ba- 
cillus, M oiiumy M iubcrculosis homzms no G07, nonpathogemc stram, 
M tuberculosis \ar liouuus II37R\, pathogenic stram, M iuberculosts %ar 
hovunts H37IlvR, strcptonncm-rcsistant pathogenic strain obtamed from Dr 
Youmans 

The method of gro^Ning tlie organisms for bacteriostatic tests has been de- 
senbed cl^euhcrc (Smith, 1947) For bactericidal studies, the cultures were 
plated out on suitable agar media, incubated for \ arsing penods of time at 37 
C, and all the colonies counted 

BactcnostaUc and haclcncidal action of sirepiomycin The results of se\eral 
expenments arc reported in order to demonstrate the relationship between the 
antitubcrculosis effect of streptomycin, its concentration, and the length of the 
incubation period In the first two e\T3eriments, the nonpathogemc stram of 

TABLE 1 


Bactcnoslalic effect of streptomycin on Mycdbaclerium iuherculosts no 607 




STxj:pToifraK, 

laCSOCIAiTS PES inIXILITEn 



ROJIATIOV 

0 0 

01 1 

o 

0 3 1 

1 

1 0 

2 0 




Torbidunetnc readm^;^ (In logs) 



heurs 

6 

0 1 

0 

0 

0 

1 

0 

0 

0 

12 

3 

3 ! 

0 

0 

0 

0 

0 

24 1 

IS 

13 j 

3 

0 

0 

0 

0 

48 , 

45 

31 

7 

0 

0 

0 

0 

72 

53 

4S 


0 

3 

0 

0 

240 

155 

15S j 

[ 112 

0 

4 

1 

0 

0 


M tuber cvlo SIS was used ^Tien a short mcubation period of 12 hours is used, 
0 2 ;zg per ml is sufficient to inhibit the growth of the organism When mcuba- 
tion of the cultures is contmued for a longer period, howe\ er, 0 3 /ig per ml be- 
comes the inhibitmg concentration In one set of cultures a limited amount of 
growth was obtamed upon prolonged mcubation, e\ en in the presence of 0 5 
f^g per ml of the antibiotic (table 1) 

The bactencidal effect of streptomyem upon the nonpathogemc strain is 
shown m table 2 Here as well, the mcubation period was found to be of great 
unportance Although a certam bactericidal action was obtamed e\en with 
03 per ml of the antibiotic, especially^ after a longer mcubation i^nod, it 
took more than 2 pg per ml to kill all the cells m 6 hours, a similar effect was 
exerted by 1 yg per ml when mcubation was contmued 24 hours With lower 
concentrations of streptomyem, it took more than 24 hours to destroy all the 
cells, as detected by the plate method The smallest concentration of strepto- 
myem, namely, 0 2 yg per ml, exerted chiefly a bactenostatic effect 

The pathogenic strain of M tuberculosis HS/R'v grows more s ^ 

streptomy’^cin w as required to inhibit its growi:h than was the case wit e non 
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pathogenic strain it took 2 per ml of streptomj cm to bnng about complete 
inhibition, and 1 fig per ml, for partial inhibition (table 3) 

In \ lew of the fact that it is generall}’' recognized that the size of the moculum 
has a decided influence upon the antibiotic effect of a gnen agent, a study was 
made of the significance of the inoculum size upon the tuberculostatic vs tuber 

TABLE 2 


The bactericidal activity of streptomycin on Mycobacterium tuberculosis no 607 



sTsmomcd, mcsocKAus rrs Mnuum 

INCUBATION 

0 0 

0 2 

0 3 

05 

1 0 

1 20 


Numbers of viable cells per millibter* 

hours 







6 

283,000 

229,000 

83,800 

26,700 


40 

12 

1,800,000 

427,000 


3,000 

490 

0 

24 

18,900,000 

1,660,000 

200 

220 

0 

0 

48 

12,650,000 

1,770,000 


700 

0 

0 

72 

16,500,000 


0 

2,500 

0 

0 

240 

9,400,000 

6,330,000 

Ot 

7,500 

0 

0 


* Number at start, 216,000 

t In a dupbcate senes, 20,900,000 cells per ml were found after 240 hours’ incubation in 
the presence of 0 3 pg per ml of streptomycin 


TABLE 3 


The bacieriostahc action of streptomycin on Mycobacterium tuberculosis 
var homtnts strain HS7Rv 



L _ _ 

STXEFTOmcm^ SCCSOGZAICS TEX VH.IJLITEX 


DJCUBAIION 

0 0 

1 0 6 

1 0 

1 ^ ^ 1 

1 4 0 



Turbidunetnc readings (In logs) 


days 

1 

7 

1 

mm 

2 

2 

4 

' 42 

16 


6 

4 

7 

S3 

37 


5 

4 

11 

130 

68 


0 

0 

14 

186 

92 

13 

0 

0 


culocidal properties of streptom 3 cm For this purpose, M avium was used 
The results (table 4) show that there is a defimte direct correlation between 
the size of moculum and the amount of streptom 3 ’’cin required to inhibit the 
growth of the orgamsm More of the antibiotic was required to inhibit M 
avium when 0 1 mg per ml of moculum w as used than with only 0 001 mg per ml 
or less of the cell matenal The same w as true for the bactericidal action of 
streptomycm it took four times as much streptomycin to inhibit the growth of, 
or to kill, all the cells capable of developmg on the plate when 0 1 mg per ml of 
the inoculum was used than when 0 00001 mg per ml was used 
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Development of resistant cells m cultures containing varying amounts of 
streptomycin is 8lio\%n by the results of a typical experiment (table 5) As 

TABLE 4 


Influence of inoculum on the baclcnoslaltc and baclcnctdal action of streptomycin 

on Mycobacterium amum 


ZKCUBAT20N 

CONCENTWTIOV Of CEIX UATESIAL IN KO/UL 

0 1 

0 01 

0 001 

0 00001 

Hg/m\ oI itrepiom>xin required for baclcnosUiflia 

days 





1 


0 4 

0 05 

0 0 

3 

0 6 




7 

0 8 

0 4 

0 4 

0 2 


fig/iol of itreptomycin required for bactericidal action* 

1 

WBBM 

■BH 

HBEIHI 

0 6 

3 





7 




0 2 


•Amounts required to give complete destruction of all cells 


TABLE 5 


Influence of age of culture of Mycobacterium tuberculoeis no 007 upon the development 
of cells resistant to diiferent concentrations of streptomycin 


ACE or CUtTUEE 

NtTUEEK or CTT.T *! (TBOtTSANDS/ia) IN ITEDIA CONTAININC DHTERENT CONCENTRATIONS 
or STREPTOmCDi 


1 1 

0 0 

0 3 

0 5 

0 7 

hours 

0 

1 

1 

30 1 

10 

0 

0 

2 

32 1 

10 

0 2 

0 01 

4 

33 

0 

0 

0 

6 

35 

17 

0 

0 

22 

3,600 

1,650 

6 6 

0 

30 

13,560 i 

5,050 

3 6 

0 4 

42 

21,800 1 

2,500 

70 0 

0 6 

48 

40,450 1 

11,400 

10 0 

1 0 3 

66 

76,100 1 

2,600 

800 0 

' 1 4 

89 

130,000 

19,500 

2 1 

3 7 

96 

143,000 

7,200 

! 2 2 

2 5 

114 

425,000 

12,680 

' 5 8 

5 4 

168 

650,000 

25,000 

38 3 

5 8 

235 

603,500 

1,300 

1 6 

7 9 

336 

1,130,000 

28,200 

15 0 

6 5 

504 

561,000 

63,600 

570 0 

40 7 


cultures developed, there was actually a decrease rather than an increase m the 
proportion of resistant cells The percentage of cells resistant to 0 3 ;ig per ml 
of streptomycin decreased from 30 pei cent at the start to 15 per cent or less 
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after 48 hours^ incubation In a growing culture the percentage of resistant 
cells to larger amounts of streptomycm was e^en less, the sensitive cells not 
bemg eliminated at the expense of the resistant cells 

The comhined effect of iito antibiotics upon 31 tuberculosis Simultaneous!} 
wuth the extensive application of streptomycin in the treatment of chmcal tuber 
culosis, certain important problems have ansen None of these is of greater 
significance than the deAelopment of resistance of bacteria to this antibiotic 
Fortunately, an organism that has become resistant to one antibiotic does not 
necessaiily become resistant to another This has been well illustrated, for 
example, m the case of bacteria sensitne to both penicillm and streptom}cm 
The utilization of the syneigistic action of two antibiotics in order to eluninate 
completely all the cells of a gnen bacterium has, therefore, been suggested 
That this is possible foi certain antibiotics actne against gram-negative bacteria 
has already been demonstrated (Waksman and Re} nolds, 1947) Its application 

TABLE 6 


Relative hactcnosiatic effect of streptomycin and sireptoihrictn on streptomycin -sensitne 
and streptomycin-resistant strains of Mycobacterium tuberculosis var homints 


snuoN 

SEhSITlVIT\ TO 
STKEPTOmON 

1 

INCTTBAnON 

pg/ml of antibiotic required for growth 
inhibition* 



Streptomjcin 

strep to thncin 

Avirulent 607 i 

Sensitn e 

days 

7 

0 2 

0 8 

H37Rv 

Sensitn e 

14 

2 0 


H37Rv 

Resistant 

14 

' >10,000 



* The inoculum consisted of 0 01 mg per ml of cell material 


to the treatment of experimental tuberculosis has also been mdicated (Smith 
and McClosk}’’, 1945) 

The proper combination of tw^o antibiotics or of one antibiotic and one chem 
ical antiseptic was found to result m the killing of more of the bacterial cells 
than did either of the agents a^'^ne This synergistic effect holds tiue only for 
cases where the cells of an organism made resistant to one agent still remain 
sensitive to the other 

To determme whether this holds true for the action ot streptomycm upon 
31 tuberculosis j this antibiotic was first combmed wuth stieptothiicm Three 
cultures were used m the experiment the nonpathogenic no 607, the pathogenic 
no H37Rv, and the streptomycm-resistant stram of the last orgamsm (table 6) 

Both the avirulent and the virulent but streptomycin-sensitive strains of 
31 tuberculosis require four times as much stieptothricm as streptomycm for 
complete inhibition of growth The streptomycm-resistant stram of the organism 
did not remam sensitne to streptothricm, although much less streptothricm 
than streptomycin was requiied to inhibit growth of this stram The fact that 
600 pg per ml of streptothricm were necessary to inhibit the growth of the strep 
tomycm-resistant stram would tend to remove streptothricm automatically from 
the field of practical utilization as a potential supplement to streptomycm 
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Wlicn strcplonijcin N\nb combined \Mth slrcptothncin, the effect upon M 
tubcrculom was addiluc rather than bynergistic, i e , the use of 1 peg each of the 
two antibiotics per 1 ml of culture medium was equivalent to the action of 1 25 
fig of streptomjem, nanich to a simple arithmetical addition of the potency of 
the tw^o antibiotics In the case of a synergistic effect the second antibiotic 
would be expected to aflcct the few cells that remained resistant to the action 
of the first antibiotic If tint were the cose, it would have taken comparatively 
little of the supplcmentnr} antibiotic to eliminate the cells of the pathogen from 
a culture and presumabl} also from the bod}*' of the host 
Effect of slrcptovujcxn upon vwrpholog]) and acid-fastness The morphology and 
staining properties of an organism arc alw ays \ aluable criteria for the evaluation 
of the action of an} drug on a particular organism Since these characteristics 
am based upon the chemical constitution of the cell, any change brought about 
b} a drug in the morpholog} of the organism or its reaction to stams is mdicative 
of a change m the structure or metabolism of the cell 
The tubercle bacilli ha\e been described (Topley and Wilson, 1936) as rod- 
shaped organisms, 1 to 4 pi long and 0 2 to 0 8 broad, straight or slightly curved, 
wath parallel or irregular sides and rounded ends, arranged singly or in small 
clumps, nonraotile, nonspoiing, and noncapsulated They stain with difficulty, 
but, when once stained, the} are acid-fast 
Of the variety of staming procedures tried on tubercle baciUi (Corper, 1926a), 
the Ziehl-Neelsen stain, using hot carbol fuchsin, sulfuric acid, and a methylene 
blue counterstam, has been found to be best With this stam, the tubercle 
bacilli appear as red cells, w hile the non-acid-fast organisms are blue Depend- 
ing upon the age of the culture, differences in the densities of the stain taken up 
by the cells have been obsened (Corper, 19266) Young cells, which are long, 
straight, or curved filaments, stain umformly, shorter bacillary adult forms show 
metachromatic granules, and senescent forms are uniformly stained but are 
coccoid or very short bacilli 

For the study of the effect of streptomyem on the morphology and acid- 
fastness of tubercle bacilli, a modification of the Ziehl-Neelsen stam developed 
by Alexander-Jackson (1944) was used This modification differs from the 
ongmal stain in that the counterstainmg with methylene blue is followed by a 
process of decolonzation and restaming with a mneture of acid green and acid 
yellow In the resulting preparation acid-fast organisms appear red, partly 
acid-fast are mulberiy to blue dependmg upon the degree of acid-fastness, and 
other organisms or debris are light green This gives greater scope to the deter- 
mination of the effect of an agent on the acid-fastness of a culture 
The prmcipal effects of streptomyem on the morpholog}’’ of such effitures as 
M avium and M iuherculosts grown in Tween medium were loss of acid-fastness 
mcrease in granulation, and at times, especially m highly bacteriostatic concei^ 
trations, in shortening of the bacilli A progressn e loss m acid-fastness occurred 
^vith increasingly tuberculostatic quantities of the drug This reaction was 
evident in the presence of concentrations of the antibiotic less than the bacteno- 
Btatic levels Beading or granulation followed the same general trend as the 
loss m acid-fastness, however, this phenomenon did not seem to appear to any 
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significant degxee except with concentrations of streptomycin which produced 
detectable bacteriostasis Shortemng of the bacilli oi coccobaciUi was observed 
only m those concentrations of the drug which weie highly inhibitory to growth 
or weie ultimately bactencidal Chains of more than two or three bacilli and 
cur^ung of the rods w^ere found only occasionally No thickenmg of the cells 
was observed These morphological changes followed the same pattern with 
regard to the effect of the number of cells as did the other conditions of bacteno- 
static and bactericidal action For example, the smaller the number of cells, the 
smaller was the amount of streptomycm necessary to bnng about malformation 
of the organisms In concentrations of streptomycm w hich were only moderately 
bactenostatic, all gradations of acid-fast stainmg were seen Completely acid 
fast rods occurred among the clumps of almost entirely non-acid-fast ones The 
question anses as to the nature of those orgamsms which did not undergo any 
transformation It is possible that they are representative of the cells which 
are resistant or develop resistance to the antibiotic In general, no completely 
acid-fast orgamsms were observed in strongly bactenostatic or bactencidal con 
centrations of the drug 

Morphological changes have been reported as being produced by such sub 
stances as toluene, chloroform, th5Tnol, ether (Laporte, 1942), and aryl-sulfamides 
(Courmont, Morel, Perier, 1938) and by pool environmental conditions (Severens 
and Tanner, 1945, Vera and Rettger, 1940) The organisms were reported to 
have an mcreasmg tendency to grow in clumps and were altered m form Gran 
ulation inside the cell was greater, the granules were liberated by the dissolution 
of the ectoplasm of Legroux Loss of acid-fastness and progressive fragmenta 
tion of the free granules were also observ^ed All of these findmgs agree with the 
obsen^ation made on cultures under the influence of streptomycm 

When M kihercidosts was grown in different media containmg peptone, casein, 
beef extract, serum albumm, ammo acids, morgamc compounds, or glycerol, 
normal acid-fast cells w^ere found only m those media which contamed the more 
complex forms of nitrogen When the source of nitrogen was asparagme or 
ammonium citrate, the cells showed abnormalities, such as loss m acid-fastness 
and shortenmg and curving of the bacilli The effects of streptomycm on the 
morphology of the tubercle bacilli m the \ arious media were the same as those 
descnbed for the cells m the Tween medium, namely, progressive loss m acid- 
fastness with increasing amoxmts of the drug, increase in beadmg, and shortenmg 
of the rods In poor media the loss in acid-fastness w as so great that the cells 
stamed green, wuth blue- or mulberry-colored granules Even m those cultures 
which appeared to contain no acid-fast orgamsms, the cells were still viable and 
regained their normal stainmg reaction on subculture to glycerol nutrient agar 
In short, the damage to the cells produced by streptomycin could not be neu- 
tralized by the presence of any of the nutiients used 

SUMMARY 

Streptomycm has not only a bactenostatic but also a marked bactericidal 
action upon diffeient strains of Mycobaciennm tuberculosis 
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The size of the inoculum and the time of incubation are of great importance 
m determining the b ictcnostatic and bacteiicidal activity of the antibiotic 
In a growing culture of tubercle bacilli, there was a decrease rather than an 
increase m the proportion of Btrcplomycin-resistant cells with an increase in age 
of the culture 

Wlien strep! om\ cm and strcptothricm verc combined, their effect upon tu- 
bercle bacilli vas additnc rather than synergistic 
The principal effects of streptomycin on the morphology of tubercle bacilli 
verc loss of acid-fastness, incren^^c m granulation, and, m highly bacteriostatic 
concentrations, shortening of the rods 
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REVERTING HISTOPL \SMA C.U’SULATUIM TO THE 

YE VST PHASE 

CHARLOTTE C CAMPBELL 

Dcparimcnt oj BacicrtoloQiff Amy Medical Depariment Research and Graduate School, 

Washington JS, D C 

Rccci\cd for publication ^^a^ch 19, 1947 

The life c\clc of the pathogenic fungus H'lstoplasina capsulatum can be com- 
pleted outside the animal bod\ through cultu ation on blood agar incubated m 
a moist atmosphere at 37 C (Conant J Bact , 41, 563) Many workers 
ha\c found that some strains which had been cultured in the m 3 "cehal phase o\er 
long penods of time failed to re\ert to the 3 east phase when cultivated imder 
the conditions specified AMien it was found in this laborator}^ that Francis^ 
glucose c\stine blood agar luxunantl} supported growth of the 3 "east phase of 
Sporotnchvrn schcncl n (Campbell J Bact , 60, 233), other S 3 ^stemic fungi known 
to exist in the 3 cast pliasc in human tissue were also observed on this medium 
Man 3 strains of HtstopJasina capsiilatuvi which had been cultured m the m 3 Tehal 
phase for se\cral 3 ears were rc'verted to the 3 east phase without appreciable 
difficult 3 

The AIMS modification of the medium ongmally defused b 3 ’' Francis has 
pro\ed more satisfactor 3 than any other medium used, and so its preparation 
is described 


\ eal infusion (double strength) 

1,000 ml 

Rabbit or horse blood 

80 ml 

Peptone 

10 g 

Glucose 

10 g 

Sodium chloride 

5 g 

C3^ine or cystine hydrochloride 

1 g 

Agar 

20 g 


The agar, sodium chloride, and peptone are added to the veal infusion and 
heated until the agar is dissolved The C 3 ’’stme is dissoh ed in the sodium hy- 
droxide solution required to adjust the medium to pH / 6 to / 8 and then added 
to the base mixture After sterihzation at 121 C for 20 minutes, the agar base 
IS cooled to 50 C and the blood and glucose solution added aseptically The 
completed medium is maintamed at 60 C for 3 hours, thoroughly mixed at mter- 
als, and is then dispensed m tubes or plates 

Histoplasma capsulatum can be easily cultured, harvested, and utihzed m 
hacteriologic techniques when maintained m the 3 east phase of growi;h Se% 
eral senal transfers may be necessary for the reversion of old stock strains that 
have been maintamed in the mycelial form Such strains should be transfOTed 
senally to new slants of the medium at 2- to 3-day intei-vals even though no 
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reversion is apparent After 3 to 7 transfers, the appearance of small yeast 
colonies will be noted among the predominatmg mycehal types By proper 
colony selection, the pure yeast phase can be secured Once reverted, the organ 
ism can be mamtamed in this phase indefimtely by incubation at 37 C During 
the reversion process, old slants should not be discarded, but should be contm 
uously incubated at 37 C and observed at daily intervals for papillate colonies 
m the yeast phase 


THE VIABILITY OF YEAST CULTURES PRESER^TED 
UNDER MINERAL OIL 

B S HENRY 

Deparlmeni of Microbiology, School of Medicine, University of Washington, SeatlU, 

Washington 

Received for publication Apnl 7, 1947 

At the time that the work of Morton and Pulaski (J Bact , 36, 163) on the 
preservation of bactenal and yeast cultures appeared, v e were concerned with 
the mamtenance of a large number of stock cultures of yeasts used in the prepara 
tion of experimental wmes (Henry Umv Wash Bull , 1937) 

Briefly, the method consists of inoculatmg agar slants in the usual manner, 
incubatmg imtil good growth is obtained, and adding sufficient stenle mmeral 
oil to cover the tip of the slant vnth at least one-fourth inch when the tube is 
upnght The cotton stopper is replaced and the culture kept at room temper 
ature The culture medium used for our yeast cultures v as a v ort agar of the 
following composition malt extract, 100 g, water to make 1,000 ml, and agar, 
17 g The pH falls to about 4 5 without adjustment 
In October, 1939, 17 cultures of yeasts used m the preparation of European 
and American wmes and a large number of umdentified strains isolated from 
various fermentmg frmts were preserved by the method of Morton and Pulasb 
In October, 1940, these cultures were transplanted to a similar medium and agam 
covered vath stenle nuneial oil This second set of cultures was stored at room 
temperature and left undisturbed until December, 1946, when the 17 cultures 
of wme yeasts and a random culture from each of the 8 groups isolated from 
fermentmg frmts were examined and subcultured for viabihty 

All cultures appeared m good condition and many showed a white to tan, 
filamentous growth extendmg out from the slant into the mmeral oil Upon 
microscopic exammation this growth was foxmd to be made up of pseudomycehum 
and some smgle cells Upon subculture on wort medium, growth appeared 
vuthin 24 hours m most cases, and all subcultures showed abundant growth in 
48 hours Microscopically the cultures shoved little or no mycelial growth and 
agreed with the descriptions made 7 years previously 



REPORTED SVLMONELLVS FROM TITE PACIFIC 
1941-194G 

PHILIP R CARLQUIST 

Dcparlmcnt oj Badcnology^ Army Medical Department Research and Graduate 
School, Army Medical Confer, Washington 12, D C 

Rccci\cd for publication April 17, 1947 

Dunng the war \cars sc\cral t\pcs of Sal77jon€Ua were reported m Japanese 
and English journals from the Pacific area So\ eral of these have been indexed 
in \anous abstract journals 

SahwncUa cJitba XXMII ,S mppoTihasi (XX^TII) XXXIV 203 — , 

and S yodahast ? ? ? were reported b^ Ohasi (Japan J Ex^ptl Med , 24, 1431) 
These strains ha\e been thoroughl} studied and none of them conform with the 
accepted biochemical pattern established for the genus SalTnonella S chiba 
IS nonmotile and utilizes sahem with the production of acid and gas S mppon- 
bast produces indole and is methj 1-red-negatn e Its H antigen is not agglutinated 
b} single factor 2 ^ scrum S yodobas^ conforms closely to the biochemical 
pattern of EschcncJiia colt and fails to grow on all selective media designed to 
inhibit the grow^th of E colt 

S landa III,X,XX\T e,h l,w was reported by Ohasi (Japan J Exptl 
Med, 27,1110) and S tatholM III, X, 'XXVI l,w 1,5 was reported by 
Kunmoto and Tukitan (Japan Aled , 3372, 422) The antigemc pattern of 
S landa was foimd to be as reported and identical with the pattern of S mel- 
^gndi^ reported by Bruner and Edwards (Am J Hyg , 34, 82) The true 
antigemc pattern of S taxhoJni was also found to be identical with that of S 
meleagndt^ 

A new t3rpe, S Singapore VI, ^TI k e,n,x was isolated from cases reported 
as acute enteric fe'V er by Hayakawa m 1944 This type has not been reported 
previously 

S two^jtma, Y1,Y11I 1 1,5 ,S oahu, n^V,XII l,v 1,2,3 

and S saipan, III,X,XX\T: Ze 1 ,6 ^ere reported by Lindberg and Baj^hss 
(J Infectious Diseases, 79 91) Of these three t3i>es, the strain reported as 
S tiDo-jima has been available for study m this laboratoiy^ Upon antigemc 
analysis, confirmed by Edwards, this stram was determmed to have the pattern 
VIIIXX 1 Zfi , which IS the pattern oJ S lenhicly reported by Edwards 
(J Hjg , 38, 306) S saipan was reported as havmg factor Zg as a phase 
1 antigen for the first time, and it is unfortunate that a strain is not available 
for further study 

It IS suggested that new types withm the genus Salmonella should be v enfied 
b}’’ independent laboratories before pubhcation in order to av oid further#ion- 
fusion in the classification of the Salmonella 
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ANAEROBIC FERMENTATION OF i\IANNITOL 
BY STAPHYLOCOCCI 

JAMES B EVANS 

Ldboratory of Bacteriology and School of Niilntion^ Cornell Umvereiiy, Bftaca, 

New Yorh 

Received for pubbcation May 28, 1947 

Manmtol fermentation has long been considered an important test in studjing 
staphylococci, and yet reports on its correlation 'v^nth other tests vary widel} 
JB[allman^(Proc Soc Exptl Biol Med , 36, 789) found a 91 per cent correlation 
with the coagulase test on 487 strams On the other hand, Plastndge ei al 
(StorrsAgr E\pt Sta , Bull 231) found that 74 per cent of their 211 coagulase 
negative strams fermented manmtol Colwell (J Bact , 37, 245) reported that 
of 28 mamutol-fermentmg strams only 2 vould ferment anaerobically Un 
fortunately, her tests vere not correlated with the coagulase test 
"^Study of a small collection of manmtol-fermenting staphylococci has repealed 
that the anaerobic fermentation of mamutol correlated 100 per cent with the 
coagulase test (see table) 



^0 OrcULTtJXES 

j 

P2NAI. pH m KANVITOI. BROTH 


ADaerolttc 

Atrobic 

Coagulase (-f) 

11 

(10) 5 0-5 6 
(1) 6 2 : 

"4 9-5 2 

Coagulase (—) 

21 

' 

7 0-7 2 

5 0-5 9 


The group of coagulase-positive cultures included 4 from chnical infections, 
2 old stock cultures, and 5 from frozen foods The coagulase-negatne strains 
were all from frozen foods 

It would seem from this that the mcorporation of manmtol m selective aerobic 
platmg media is useful, but not perfect In addition, it has been noted that 
vhen 7 5 per cent NaCl is mcluded m the platmg medium (Chapman J Bact , 
60, 201) the acid production by coagulase-positive strains is reduced, but not, in a 
majority of cases, that of the coagulasemegative strains This is so pronounced 
that, if bromcresol purple is substituted for the phenol red indicator, the co- 
agulase-positn e strams produce vSry httle or no j’^ellow zone Of the 21 co 
agulase-negative strains, 14 produced a pronounced yellow zone on this medium 

It is recognized that only a small collection of orgamsms from a limited 
number of sources has been used, and it is scarcely to be expected that the cor-^ 
relation between the coagulase test and anaerobic fermentation of mannitol wdl 
reiparnTperfect*, butihe importance of anaerobiosis should be noted^ This mai 
serv’^'e to ir^evaluate^ the importance of mannitol fermentation m studying 
staphylococci 






PROCEEDINGS OF LOCAL BILYNCHES OF THE SOCIETY OF 
.YlilERICAN B YCTERIOLOGISTS 

XmV JTRSEY BRANCH 
New BnuNswicK, New Jebset, Mabch 13, 1947 


PBEU^^^AIlr Odsehvations ov the 
Growth REQxnnEMEvrs or B^aLLUS 
roriLU^E Dutkt and B^cileus lenti- 
MORRCS Dutkt S R Dull y, U S De- 
partment of Agriculture, Agncultural 
Research Administration, Bureau of En- 
tomolog> and Plant Quarantine, Moores 
town. New Jersey 

Bacillus popilltac Dutk>, causal agent of 
type A milky disease of Japanese beetle 
larvae, has been maintained under continu- 
ous cultn ation on artificial media for a j ear 
Some media ga\ c consistently high jnelds of 
vegetative forms, but none was adequate 
for Eporulation Cultures earned through 
numerous transfers produced typical disease 
symptoms and abundant spores when in- 
jected into Japanese beetle larv ae Factors 


affecting culture juelds were carbohydrate 
content, pH, buffer capacity, reduemg 
capacity, and thiamine content of the me- 
dium Glucose and fructose served as 
sources of energy, whereas peptones, su- 
crose, lactose, galactose, or glucosamine did 
not About 250 million cells were produced 
per mg of glucose fermented B popUhae 
made best growth at pH 7^ in highly buf- 
fered strongly reducing media Thiamine 
was essential, about 0 003 pg per 10 ml of 
medium supplied enough for good growth 
Prebminary tests indicated that B popiUtae 
may be useful for the assay of minute 
amounts of thiamine 
Baallus lenliTuorbus Dutky, causal agent 
of type B milky disease, was cultured simi- 
larly 


SOUTHERN CALIFORNIA BRANCH 
Los Angeles, Califobma, Mabch 18, 1947 


Anaebobic Hydrogen Tbo^sfebs Affect- 
ing Fattt Acids Wtlltam D Rostnfeldy 
Senpps Institution of Oceanography, Um- 
■versity of Calif orma. La Jolla, California 
The bacterial dehydrogenation of satu- 
rated and unsaturated monocarbov>lic acids 
has been followed by means of the Tliunberg 
techmque Lipoclastic anaerobes isolated 
from petroliferous matenals rapidly dehy- 
drogenated formic acid, whereas the oxida- 
tion of other volatile acids was sporadic 
Saturated acids ranging from valeric 
through steanc were not attacked, nor were 
the unsaturated acids undecylemc, oleic, 
hnoleic, and linolemc Obhgately anaero- 
bic Bulfate-reducing bacteria obtained from 
manne muds dehydrogenated a wider range 
of fatty acids, although their activities were 
restricted to compounds containing even 
Sbumbers of carbon atoms Unsaturated 
Ci8 acids Were also dehydrogenated 
The reduction, or hydrogenation, of fatty 
acids was demonstrated by means of a re- 


verse Thunberg method in which leuco- 
methylene blue was oxidized m the presence 
of compounds activated as hydrogen ac- 
ceptors Complete recoloration of the dye 
did not occur, a circumstance probably 
related to the comparatively high Eh level 
required for such oxidation Both satu- 
rated and unsaturated acids were suscep- 
tible to reduction bj lipo clasts This group 
of acids extended from Cj through Cji Re- 
duction products were not identified 
Oleic, linoleic, and Imolemc acids were 
activated as hydrogen acceptors m the 
dehydrogenation of formic acid The re- 
actions were measured m Warburg res- 
pirometers Molar concentrations of the 
unsaturated acids added were inversely 
proportional to their degrees of unsatura- 
tion, while the concentration of fonme acid 
remarned constant The amount of carbon 
dioxide produced in all cases approached 20 
per cent of that which would result from the 
complete oxidation of formic acid 
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Phenol Phoduction bt Marine Bacteria 
David M Updegrafft Scnpps Institution 
of Oceanography, La Jolla, California 
Over 90 per cent of 67 samples of marine 
sediments examined have yielded enrich- 
ment cultures that actively decompose 
Z(— )tyrosine, either as the free amino acid 
or combined in Difco neopeptone or casern, 
with the production of either phenol or 
p cresol, or occasionally mixtures of the two 
The reaction proceeds well under anaero- 
bic conditions and also when air is present 
over the surface of the medium, but not when 
air IS bubbled through the medium In 
from 16 to 24 hours' incubation at 27 C, a 
medium contaimng 0 025 per cent of i(—) ty- 
rosine and 0 1 per cent peptone in sea water 
at pH 7 1 to 8 2 yielded over 60 per cent of 
the theoretical amount of phenol, assuming 
that one mole of tyrosine yields one mole of 
phenol In a medium contaimng 0 025 per 
cent of Z("~)tyro8ine as the sole organic 
carbon source, an equally good yield of phe- 
nol was obtained in 48 hours Phenol is 
formed more often from free tyrosine when 
some access to air is permitted Para 
cresol IS formed more often from casein or 
neopeptone under anaerobic conditions 
Several pure cultures capable of produc- 
ing phenol from tyrosine have been isolated 
They are all motile, nonsporulating, gram- 
negative rods, 1 to 1 5 by 1 5 to 5 microns 
They form round entire colomes with no 
pigment on agar Some cultures will grow 
on tyrosine as the sole orgamc carbon 
source None produce phenol from p-hy- 
droxybenzoic acid, thus differing from 
Escherichia coh~phenologenes 

The Antagonistic Effect of Bacillus 
cbreus R J GoodloiOf C JV Johnson, 
andM V 8fta/er, Department of Bacteri- 
ology, Umversity of Southern California, 
Los Angeles, Calif orma 
A strain of Bacillus cereus, isolated from 
milk, exhibits marked antagonistic activity 
against both gram positive and gram- 
negative bacteria Pour plates of proteose 
peptone agar were prepared by adding test 
organisms in a dilution of 300,000,000 bac- 
teria per ml After the medium had solidi- 
fied, B cereus was streaked across the 
surface of the plates Cultures were incu- 
bated at 30 C and observed at intervals of 6, 


12, 24, 48, and 72 hours After a penod of 6 
hours' incubation, marked zones of inhibi 
tion of growth occurred in cultures of 
Corynehaciertum pseudodiphiheriae, Salmo 
nella anatum, Salmonella typht-munum, 
Salmonella paratyphi, Shigella amhgua, 
Serralia marcescens, Neisseria catarrhahs, 
Staphylococcus aureus, Bacillus suhiths, 
Bacillus mesentericus, and Bacillus mycoides 
At the end of 24 hours of incubation all of 
these orgamsms, with the exception of S 
ambigua and S paratyphi, exhibited zones of 
growth stimulation penpheral to the zone 
of growth inhibition This was especially 
marked in B mycoides, which developed, 
after 72 hours, four alternate zones of inhi 
bition and stimulation After 48 hours of 
incubation, plates of Shigella flexnen I and 
Mycobacterium sp showed excellent zones 
of growth inhibition adjacent to the B 
cereus colomes 

No inhibition of growth occurred m plates 
seeded with Proteus vulgaris and Pseudo 
monos aeruginosa when cultivated m the 
presence of B cereus 
Preliminary work indicates that at least 
one inhibitory substance is present in the 
filtrate of proteose peptone broth cultures of 
B cereus The antagomstic effect of B 
cereus and the isolation of the inhibitory 
substance seem worthy of further investiga 
tion, especially because of the inhibitory 
activity against the genera Salmonella and 
Shigella 

Antibacterial Action of Hbxbnolac 
TONE JamesW Bariholomew and Francis 
L Hervey, Department of Bacteriology, 
Umversity of Southern Califorma 
Hexenolactone has been found to have 
bactericidal, bacteriostatic, and inhibitory 
action against such orgamsms as Staphylo 
coccits aureus, Bacillus subtihs, Serraita 
marcescens, Escherichia coh, Shigella para 
dysenteriae var sonnet, Shigella paradysen 
tenae Flexner V, Salmonella paralypht, 
Salmonella schoiimuellen, Proteus vulgans, 
and Pseudomonas fluorescens Bactericidal 
concentrations ranged from 1 100 to 3 400, 
bactenostatic concentrations ranged from 

1 200 to 1 1,000, inhibitory concentratiouB 

ranged up to 1 3,200 
The gram-staming properties of the or 
gamsms did not correlate with the effective 



ness of the drug, nnd Ibo presence of 10 per 
cent scrum did not markedb reduce the 
antibactennl action For some organisms, 
the higher dilutions resulted in slight stimu- 
lation of growth In several instances in 
the presence of serum, J 300 ddutmns were 
much less cfTcclivo than 1 200 or 1 400 
dilutions 

The LDii for 13- to 15 gram white mice 
was approximately 6 2 milligrams, for a 
single dose injected into the peritoneum 

BACTEniOLOoi or SewnovrA Robert E 

Hoyl and MxUon Gjclhaug Lciinc 

An organism has been isolated from the 
nose and throat of cases of scleroma (rhino- 
scleroma), which has the following charac- 
teristics It IS a gram negative rod which 
forms large mucoid colonics on cosin- 
methylcnc blue agar and nutnent agar 
Acid 18 formed in glucose, maltose, mannitol, 
and occasionally in sucrose, but never in 
lactose This organism is not found norm- 
ally m the nose or throat and does not 
correspond to any other bacterium described 
m the bacteriological literature It is 
similar to organisms previously desenbed in 
scleroma by a few scattered workers Etio- 
logical evidence published elsewhere by us 
indicates that this organism may rightly be 
called Klebsiella rhtnoscleromatis 

The Nature, Properties, and Toxicity 

or SuBTILlN, AND ItS CHEMOTHERAPEU- 


TIC Effect on the Course op Expebi- 
MFNTAL Infections in Animals A J 
Salle and Gregory J Jann^ Department of 
Bacteriology, University of California, 
Los Angeles, California 
The antihactcriB.} product, subfciiin, ob- 
tained from the cells of a certain strain of 
Bacillus suhtihs, was found to be active 
chiefly against gram-positive bactena 
Two notable exceptions were Netsserta 
gonorrhocac and Keisserfa caiarrhahs, both 
gram negative but also antagomzed by the 
antibiotic Acid-fast organisms, including 
Mycohaclerium tuberculosis, were also found 
to be susceptible to the antibiotic 
The agent show ed an extremely low tox- 
icity to embryomc chick heart tissue frag- 
ments cultivated in vitro Under the condi- 
tions of the test, subtihn was found to be 
approximately 20 times more toxic to 
Staphylococcus aureus than to chick heart 
tissue, a remarkably low figure for a chemo- 
therapeutic agent 

Subtilin was shown to exert a powerful 
in VIVO action on a number of bactenal infec- 
tions in mice and guinea pigs Ammals 
infected with type HI pneumococcus, 
Bacillus anihraciSj Streptococcus pyogenes, 
and Staphylococcus aureus were qmckly and 
easily cured of the infections Recovery 
from the infections was so spectacular that 
it was almost beyond belief The anti- 
biotic produced no observable toxic reac- 
tions in the animals 


WASHINGTON BRANCH 
Washington, D C , March 25, 1947 


Demonstration of Agglutination and an 
Agglutinin -“Blocking*^ Property in 
Sera of Known Cases of Brucellosis 
J J GrtffiUSflJ S Public Health Service, 
Biologies Control Laboratory, National 
Institute of Health, Bethesda, Maryland 
Immunological techniques useful in de- 
tecting sensitization to the Rh blood factor 
have been adapted to the examination of 
sera from individuals known to have had 
brucellosis As in certain instances of Rh 
sensitization, sera of some brucellosis cases 
lack the ability to agglutinate Brucella 
urganisms, they render the antigen insensi- 


tive to the action of known agglutimns 
added to such serum-antigen mixtures 
This agglutimn-'" blocking” property of 
serum is present in certain sera to a much 
greater e'^nt than in normal serum Sera 
lacking agglutinins on routine tests may 
agglutinate Brucella strains when a normal 
serum is used in place of saline as a diluent 
This appeared to be true in the test tube as 
well as on the warmed glass plate These 
findings suggest that the use of such tech- 
mques may detect immunological responses 
in brucellosis and perhaps other diseases 
although the usual tests for diagnosis using 
saline diluent may be negative 
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EASTERN* PEXXSYLVAXIA CHAPTER 

OXE HtTSDBED AXD XiNXTY-THIRD J\IzETI^G, PHILADELPHIA CoiTNTr MedICAL SoCIETT 

Building, Philadelphia, Pennsylvania, !Maech 26, 1947 


Constitutional Factors in Persist an ce 
TO Infection The Effect of Estro- 
gen ON THE Pathogenesis of Tuber- 
culosis Max B LuriCj Samuel Abram- 
son (U S P H Service), and Marvin J 
Allison, The Henry Phipps Institute of 
the Unnersity of Pennsjlvania, Philadel- 
phia, Pennsylvania 

Estrogen m large doses retarded the prog- 
ress of tuberculosis at the site of inoculation 
m the skin and the dissemination of the 
disease in the internal organs as compared 
with the progress of the disease in rabbit 
litter mates of the same genetic constitution 
and of sinular hereditary resistance to the 
infection On the other hand, the periodic, 
intraAenous injection of chonomc gonado- 
tropin, which induced successive crops of 
corpora lutea, accelerated the progress of 
the disease m the majority of highly inbred 
htter mates Ph>siologic quantities of 
progesterone and estradiol exerted no con- 
sistent effect on the process, nor did o\ anec- 
tomy 

Estrogen suppressed tuberculin sensitiv- 
ity of the skin not only in animals with 


active disease but also in rabbits treated 
with heat killed tubercle bacilli, but the 
sensitivity of the internal organs was not 
dimimshed Since chonomc gonadotropin 
also reduced skin allergy, this effect of estro 
gen was not the sigmficant factor in its 
retardation of the disease Estrogen re 
duced the inflammatory irntabdity of the 
skin to unrelated noxious agents and mark 
edly suppressed amyloid degeneration 
uhich is incidental to chronic tuberculosis 
Ovanectomy, chonomc gonadotropm, and 
progesterone did not mhibit amyloidosis 
Chrome estrogen treatment induced a 
lymphopema and was associated with a 
reduction in the weight of the adrenals 
There is some eAudence that estrogen en 
hances the elimination of antibodies from 
their depots 

It IS suggested that estrogen retards the 
tuberculous process by reduemg the dis 
semmation of the bacilli from the portal of 
entry, by spanng parenchymal degenera 
tion, and by mediating the release of anti- 
bodies through the dissolution of lympho 
cytes 


NEW YORK CITY BRANCH 

College or the City of New York, New York, jMaech 27, 1947 


COLIFORMS with CoirPIXTE SAmiONTlLIiA 
Antigens, or Lactose-fermenting Sal- 
MON’ELLAE? Ivan Saplira and Ench Sltg- 
mann, Beth Israel Hospital, New York 
In a previous commumcation the authors 
reported on “A coliform bactenum with the 
complete antigen of Salmonella newington ” 
The orgamsm isolated from a fatal memn- 
gitis in a 6-month-old baby grew on SS 
plates like a colon bacillus, fermented lac- 
tose, was HjS-negative, and had the anti- 
gemc formula of Salmonella newington 
It spht off a white growmg variant, which 
also fermented lactose on subculture and 
produced H S Through papilla formation 
it gave nse again to the original coliform 
Both types were serologically identical 
This observation provoked a discussion 


with two points of view evolution of a 
Salmonella out of a normal Escherichia colt, 
or haphazard variation of a Salmonella 
resultmg in the splittmg off of lactose 
fermenting substrains 
An almost identical phenomenon was 
observed recently Again a culture with 
the antigemc pattern of S newington 
was isolated, this time from the stool of a 
man ill with gastroenteritis It grew on SS 
plates With the tyqiical appearance of a 
Salmonella, on subculture, however, it 
fermented lactose with little gas and formed 
H^S abundantly In further transplants 
the white colonies produced red papilla® 
These red mutants decomposed lactose 
rapidly with acid and much gas, they failed 
to produce HjS So far this observation 



pnnllcls the older one Tins lime, lio\\- 
c\cr, n third \nrmnt ^\ns found, n t>picnl 
jSo/monc//a, Inclose nogntno for 3 ^^ceks 
Ml three \nnan(s, the coliforni, the mlcr- 
mcdinte, the SahnoncUa, were ecrologicnlly 
idcnticnl Agnm it is impossible to ascer- 
tain tvlicthcr 5 nciriTif 7 fon w ns the end prod- 
uct of a \anntion or the source of a rctro- 
grcssAc %anation Vl nn\ rate, the first 
finding IS no more a unique curiosity , the 
repetition, agnm obscr\cd under natural 
conditions, perhaps indicates its general 
biologic importance 

CiiExncKL AND Immlaoixigic Studies or 
Low Ragweed Pollen Extract II 
S Baldxcxn^ A IK Moyer ^ and P F 
dcGara^ Cornell Lnncrsitj Medical Col- 
lege and Kew \ork Hospital, New York 
The immunologic acti\nt 3 of fractions of 
ragweed pollen extract was compared with 
that of standard pollen extract Fraction 
B contained approximately 7 per cent nitro- 
gen and 14 per cent carbohydrate, fraction 
B, approximately 5 per cent nitrogen and 
5S per cent carbohydrate, and fraction S, 


approximately 1 4 per cent nitrogen and 
60 per cent carbohydrate and gave a nega- 
ti\o ninhydrin test Standard pollen ex- 
tract and fractions B and D were precipi- 
tated by antiragweed serum Standard 
pollen extract and fraction B were also 
precipitated by nntifraction B serum No 
precipitations were observed with anti- 
fraction D serum 

Sensitization of guinea pigs to standard 
extract was produced with each fraction 
Sensitization to fraction B was not pro- 
duced with fraction S Sensitization to 
fraction D was produced with fraction D 
No sensitization to fraction S could be pro- 
duced The threshold of sensitivity of 
untreated ragweed sensitive persons to 
standard extract was lower than to the frac- 
tions 

The carbohydrate fraction of ragweed 
pollen extract is not an active antigen 
The further the attempts to purify and 
fractionate the ragweed pollen extract were 
earned out, the less consistent were the 
immunologic reactions observed Immu- 
nologic reactmty dimimshed with a de- 
crease in the nitrogen content 


MICHIGAN BRANCH 
Ann Arbor, Michigan, AIarch 27, 1947 


Electron Microscopt as Applied to 
Some Bacteriological Problems Ruth 
BofgrcUf Department of Bactenology, 
Umversity of Michigan, Ann Arbor, 
Michigan 

New interest in the cytology of micro- 
orgamsms has resulted from the develop- 
ment of the electron microscope The 
preparation of biological matenal presents 
nmny problems Distilled water suspen- 
sions of bactena from solid culture medium 
when dried on collodion-covered disks 
generally make good specimens Because 
of the wide variations in the sources of 
orgamsms, techmques smtable for each 
type of matenal must be developed 
Vital processes cannot be observed, but 
consecutive preparations give similar in- 
formation Studies of bactena may clearly 
demonstrate cell structures such as cell 
Wall and flagella Mechamcal damage to 
cells may give additional information, the 


fibrous cell wall and granular cytoplasm 
of spirochetes The effects of treatment 
with immune serum, bacteriophage, chemi- 
cals, etc , can be observed in detail Se- 
lective staimng has shown promise in some 
cases The shadow casting of films reveals 
surface structure or topography By com- 
bimng the vanous techmques, information 
can be obtained which can contnbute much 
to our knowledge of microorgamsms 

Observations on Phagocttosis with 
THE Aid of Dark-Field Illumination 
Donald J Merchant and TF J Nungester, 
Department of Bactenology, University 
of Michigan, Ann Arbor, Michigan 
With the aid of dark-field illumination 
the cytoplasmic granules of leucocyrtes were 
seen as highly refractive bodies exhibiting 
very rapid brownian motion A layer of 
clear ectoplasm could be distinguished 
between the granular cytoplasm and the 


c 



272 


PROCEEDINGS OF LOCAL BRANCHES 


[voi/ 54 


cell wall, and a clearly demarcated nucleus 
was observed within the cytoplasmic mass 
True ameboid motion and phagocytosis 
were observed only in the presence of serum 
In its absence a random pseudopod forma 
tion occurred as well as an infrequent phago- 
cytosis due to chance contact The addi- 
tion of serum to an inactive suspension 
resulted in an increased brownian motion of 
the granules, accompanied by a correspond- 
ing increase in the activity of the cells A 


similar stimulation was observed when the 
electrolyte content of the suspending me 
dium was lowered somewhat below physi 
©logical concentrations 
A suitable surface was necessary for the 
leucocytes to anchor on to form pseudopoda 
A carefully cleaned glass surface or fibnn 
strands proved satisfactory Active cells 
could be obtained only from animals having 
a high ascorbic acid level 


NORTHWEST BRANCH 

Universitt of Washington, Seattle, Washington, April 5, 1947 


A Reinvestigation of Bacteremia in 
Pulmonary Tuberculosis W F 
Ktrchhetmer, Department of Microbi- 
ology, Umversity of Washington School 
of Medicine, Seattle 
Blood samples were obtained from 16 
patients with far advanced pulmonary 
tuberculosis on three occasions at intervals 
of 2 weeks Two samples were taken each 
time, one from the median cubital vein and 
one from the femoral artery Each 5- 
ml sample was citrated, hemolyzed with 
distilled water, centrifuged vigorously, and 
the sediment suspended m distilled water 
It was incubated 1 hour at 37 C to complete 
the hemolysis, centrifuged, and resuspended 
m physiological saline to give a volume of 
2mi 

This concentrate was evenly distributed 
into ten 2 ounce medicine bottles contain- 
ing Petragnam^B medium and incubated 
at 37 C for 4 months All of the 900 bottles 
inoculated were negative for tubercle 
bacilli The insensitivity of the method 
used or the probable intermittent character 
of bacteremia in tuberculosis raa}’’ account 
for the negative findings A test of the 
method made with blood containing known 
numbers of tubercle bacilli indicated that 
at least 100,000 organisms per 5 ml of blood 
are necessary to initiate growth on the 
majority of the 10 bottles inoculated 

Hydrogen Peroxide in the Metabolism 
OF Lactobacillus brevis H C Dong 
las, Department of Microbiology, Um- 
versity of Washington, Seattle 
Suspensions of Lactobactllus brevis oxidize 


glucose and lactate quantitatively to 
acetate and COj without the accumulation 
of hydrogen peroxide When suspensions 
are incubated anaerobically with lacfcsto 
and hydrogen peroxide, lactate is oxidized 
and hydrogen peroxide is reduced according 
to the equation 

CH, CHOH COOH -f 2HOOH 
CHjCOOH + CO 2 4- 3 H 2 O 

The suspensions have no action upon 
lactate alone anaerobically, nor upon hy 
drogen peroxide alone, aerobically or an 
aerobically The oxidation of lactate by 
peroxide does not occur if the suspension 
IS killed by heating It is apparent that 
L brevis possesses an enzymatic mecha 
msm for activating hydrogen peroxide as 
an oxidizing agent, and by definition such 
an enzyme would be called a peroxidase 
However, the reaction is not sensitive to 
cyanide and the usual tests for peroxidase 
are negative 

It seems probable that in the normal o\i 
dative metabolism of L brevis the hydrogen 
peroxide which theoretically should be 
formed as the first reduction product of 
oxygen is activated enzymatically as a 
hydrogen acceptor and reduced to water 
as rapidly as it is formed Greisen and 
Gunsalus (J Bact , 45, 16) have reached 
similar conclusions concerning the raetabo 
hsm of Slrepfococcns mastiiidis 

Discovery of a Bacteriophage fob 
Mycobacterium smegmatis (rrace M 
Gardner and Russell S TVeiser, Depart 



mcnt of Microbiolofo , School of Modi* 
cine, Unncmtv of Washington, Seattle 
Dunng in\cstigations on the isolation of 
bactena antagonistic to the m>cobnctcna 
a bactenophage for Mycobacterium smeg 
man® was encountered The cnricbmcnt 
method of Dubos was applied to six samples 
of moist leaf compost containing calcium 
carbonate Tho> were incubated at 37 C 
for S months and treated scmiwccklj n ith 
a hcarj, washed suspension of Mycohac- 
ienum smcgmaiis After 3 months tests for 
antagomsts were begun by fixation-pIating 
with 1 per cent gbcerol agar hea\nly in. 
oculatcd With Mycobacterium smcgmatis 
Plates from two composts contained 


smooth-edged plaques di 8 pla 3 nng a halo of 
partial lysis about a central clear zone of 
complete lysis 

Serial Bcrkefeld filtrates of plaque ma- 
terial contained the bacteriophage in a 
concentration of 300 billion per ml The 
bacteriophage proved inactive for Myco- 
bacterium phlet and a second strain of 
Mycobaeienum smegmatis Its thermal 
death point v\as between 72 C and 76 C 
It preserved well in 60 per cent glycerol, 
and by lyophilization 

The lack of reports of bacteriophages for 
the mycobacteria indicates that they may 
be scarce The present isolation may have 
succeeded because of the enrichment pro- 
cedure employed 


OHIO BRANCH 
Oxford, Ohio, April 12, 1947 


Studifb in Hodgkin’s Svt^drovie VII 
Cttophatologic Responses of Tissue 
Cultures In oculated with Agents 
n?oir Hodgkin’s Disease ant> Ltvipho- 
iUTosiB JaeJson W Riddle, Mtnam 
S Flower , Margaret S Reiman, and Her’- 
man A Hosier, Departments of Bacteri- 
ology and Medical Research, Ohio State 
Umversity, Columbus 
Alany microorganisms have been impli- 
cated, but none have been proved, to be 
the etiologic agent of Hodgkin's disease 
Grand (1944) desenbed the presence of 
pant cells and intracytoplasnuc inclusion 
bodies in Hodgkin’s tissues cultured tn 
mtro, nourished with chicken embryo ex- 
tract and plasma, and stained with Seller’s 
stam Hoster, Riddle, Flower, and Reiman 
(1947) desenbed a similar cytopathologic 
phenomenon which appears occasionally in 
cultures of supposedly normal chick em- 
ryo spleen, and which occurs consistently 
in homologous gmnea pig fetal spleen cul- 
ures inoculated with cell-free extracts or 
tracentnfuge preparations of Hodgkm's 
find lymphomatosis tissues and body fluids 
^^escnptions were presented of these 
specific cytopathologic responses Hodg- 
n 8 like cells, fuchsinophihc intracyto 
P asnuc inclusion bodies, cytostimulation, 
egeneration, and alterations m the pro- 


portions of the vanous cell types Control 
preparations, either inoculated, or unm- 
oculated with preparations obtained from 
human sources other than Hodgkin’s 
disease, have failed to produce these specific 
cytopathologic alterations 
Preliminary experiments suggest that 
rabbit macrophage cultures may be used as 
substrate for the production of these m- 
clusion bodies 

A Maximum Dilution Method fob the 
Quantitative Determination of 

PNT3UMOCOCCAL POLTSACXmARIDE IN SOLU- 
TION Curtis Sandage and Orton K 
Stark, Department of Botany and Bac- 
teriology, Miami Umversity, Oxford 
The most accurate method for the quanti- 
tative determination of penumococcal poly- 
sacchande has been based on estimation of 
specifically precipitable antibody mtrogen 
This procedure is subject to all of the limita- 
tions and difficulties of interpretation en- 
countered m precipitin tests In a study 
involving the preparation of pneumococcal 
polysaccharide it became evident that a 
more sensitive and more easily interpreted 
method might be of v alue 
The method evolved depends on the sen- 
sitivity of mouse response to minute quan- 
tities of antigemcally active polysac- 
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cbande By proper atandardization of 
procedures, pneumococcal polysaccharide 
m solution and in body fluids can be de- 
termined quantitatively in amounts not 
detectable by the usual precipitin tests 
For example, 0 00001 mg of purified SI 
(capsular polysacchande) ^vere detected by 
this method, although five times this 
amount tv as required to produce a positive 
precipitin test 

This method has been used to estimate the 
SI content of crude preparations, with 
highly consistent results This indicates 
that it IS applicable to the quantitative 
determination of both crude and purified 
SI in solution 

SoRiE Properties of a Mucopolysac- 
charide Isolated from a Strain of 
Clostridiitm perfringens Alfred A 
Tytell^ Milan A Logan ^ and Alice G 
Tylellf Department of Biological Chem- 
istry, University of Cincinnati, Cincin- 
nati 

A highly VISCOUS, alcohol -insoluble poly- 
saccharide has been isolated from cultures 
of Clostridium perfringens (F5022, Lister 
Institute) The substance is soluble in 
water and shows characteristic carbo- 
hydrate reactions It contains no phos- 
phorus and less than 0 1 per cent nitrogen 
Spectrophotometnc studies of the reactions 
with orcinol, phloroglucmol, and diphenjl 
amine indicate the presence of pentoses 
Reaction with naphthoresorcinol and car- 
bozole indicate the absence of uromc acids 
Quantitative determination of the hy- 
drochloric acid degradation products in- 
dicate 80 per cent recovery as furfural 
These results predict that the substance 
may possibly be a pentosan Preliminary 
studies indicate that the substance is not 
antigenic 

Immunization of AIice with Dysentery 
Antigen Administered by Gavage or 
BY Voluntary Drinking Merlin L 
Cooper and Helen M Keller^ The Chil- 
dren's Hospital Research Foundation and 
the Department of Pediatncs, College of 
Medicine, Umversit> of Cincinnati, Cin- 
cinnati 

In the course of attempts to infect white 
mice by gavage with living Shigella sonnet 


we have observed the development of 
immunity A high degree of immunity 
resulted if the mice were given large nm 
bers of bacteria as antigen Less immunity 
followed administration of fewer bactena 
as antigen 

Six doses of 49 billion Imng Shgella 
sonnet administered by gavage, over 4 
consecutive days, stimulated complete 
immumty against mtrapentoneal injection 
of 16 to 160,000 MLD of homologous 
organisms suspended in sterile mucin 

Three to 8 daily doses of 1 4 billion living 
Shigella sonnet j or 1 1 bilhon killed Shtgdla 
sonnet, given by gavage, stimulated a 
significant degree of immumty in the mice 
when challenged 7 days later with intra 
peritoneal injections of 0 5 to 1,280 MDL of 
the homologous orgamsms Three daily 
doses stimulated sufficient active immumty 
to protect at least 50 per cent of the imce 
and 8 daily doses afforded protection to at 
least 80 per cent of the mice The titer of 
the immumty increased with increasing 
number of daily doses of antigen There 
w as no significant difference in the immumz 
mg effects of living or killed orgamsms 

Mice which drank a killed broth culture of 
Shigella sonnet over a period of 21 days were 
immune against 2 to 2,048 MLD of the 
homologous orgamsms when injected intra 
pentoneally These mice consumed an 
average of 7 5 billion killed Shigella sonnet 
per day 

Biochemical Studies of a Soft X Rat 
Mutant of Aspergillus Niger van 
Tiegham Violet M D tiler, Alfred A 
Tytell, and H Kersten, Departments of 
Physics and Biological Chemistry, Uni 
versity of Cincinnati, Cincinnati 
Nutrition studies have been made on a 
soft X-ray mutant of Aspergillus mger van 
Tiegham The mutant is stimulated 240 
per cent by biotm as against 70 per cent for 
the normal Hypoxanthine, inositol, 
p-aminobenzoic acid stimulate the mutact 
140 to 200 per cent as against 10 to 50 
cent for the control Pyndoxine, punehc 
acid, nbofiavm, thymine, guanine, 
and cyrtosine stimulated the mutant 
to 75 per cent but did not stimulate t ® 
normal 



AnaU-scs of the Innllnnum prccipitablo 
fractions indicated that the mutant nucleic 
acid content \\as at least 25 per cent loi\cr 
(on a drj weight basis) than the normal 
iliis was confirmed b> spcctrophotometnc 
data 

AcCEIXILKTED pRODtCTION OF PoiTO\nTLt- 
Tis John 1 Too7ncv^^^ iUtnm S TaJacs, 
and P P Pxronc, Dnision of Contagious 
Diseases, Cit} Hospital, Clc\ eland 
Succinic acid, chloroplnll, and a s\n 
thetic preparation — succinonitnlc — w hen 

injected into cotton rats (0 1 ml I C , 1 ml 
5Q , and 2 ml IP) in concentrations of 
003 per cent, 0 06 per cent, and 0 027 per 
cent, rcspccti\ elj , in distilled water, con- 
ditioned cotton rats so that, when 2 to 3 
weeks later the\ wrerc injected intracere- 
brally with 0 1 ml of a 10 per cent saline 
suspension of Flexncr's cotton rat adapted 
stram, there was an accleration in the pro- 
duction of poliomyelitis Chlorophyll 
alone did not cause such an acceleration 

The Effects of Malic o.d ^L^LO^'lc 
\ciDs ON Methtlene Bltje Reduction 
BT Bacteria Chester I Randles and 
Jorgen M Birlcland^ Department of 
Bacteriology, Ohio State Uni\ersity, 
Columbus 


Vttempts to demonstrate malonate in- 
hibition of methylene blue reduction by 
Escherichia coh with succinate as the hy- 
drogen donator were unsuccessful Con- 
centrations of malonate as high as 100 times 
that of the succinate were tried T\lth 
Pseudomonas aeruginosa^ however, inhibi- 
tion IS readily demonstrable Equal con- 
centrations of malonate and succinate 
(0 019 m) result in reduction times from 2 5 
to 3 times longer than those wTth succinate 
alone 

With certain concentrations of substrate, 
the reduction of meth\lene blue wTth fuma- 
rate is more rapid than with malate This 
IS demonstrable with E coh grown on glu- 
cose symthctic media but not with P aerugi- 
nosa 

P aeruginosa shows much greater de- 
hydrogenase actmty for acetate, succinate, 
fumarate, and malate than does E coh 
when both are grown on glucose synthetic 
media Howe\er, when acetate is substi- 
tuted for glucose, the actmty of E coh 
is increased at least tenfold and is compa- 
rable to that of P aeruginosa The high 
seems to be associated wrth aerobic 
growth and indicates the mtermediation of 
the dicarbovylic acids in acetate oxida- 
tion 


EASTERN NEW YORK BRANCH 
Tpot, New Yoke, April 18, 1947 


A Stxtdy of Hemophills pertussis b\ 
Means or the Electron Microscope 
Julia M Coffey and Sophia M Cohen, 
Dmsion of Laboratories and Research, 
New \ork State Department of Health, 
Albany 

A preliminary comparative study was 
Blade of Hemophilus pertussis, directed 
particularly to the effect of age and medium 
on the cell and to a possible correlation 
between cellular structure and antigemcity” 
Pour phase I strains were morphologically 
similar but different from both a pertussis 
strain not in phase I and two parapertussis 
strains Electron micrographs differen- 
tiated an outer membrane in all strains 
In 1-day cultures on potato-infusion rabbit- 
blood agar, the cy’toplasm of phase I str ains 


was of relativelj mufonn density, m 2- and 
3-day cultures, two tvpes of opacity were 
observed— diffuse areas near the^nds and 
clearly circumscribed spherical granules 
frequently centrally located Cultures m 
blood-free semisynthetic flmd medium had 
similar morphologic characters but the 
granules were rare and less distmct The 
cytoplasm of the pertussis stram not in 
phase I contamed one or more irregularly 
shaped semitransparent areas, the granules 
were rare Hemophilus parapertussis from 
solid medium resembled H pertussis phase 
I except that the granules were commonly 
observed in 1-day cultures 

Propagation of Ltuphocttic Chorio- 
MEN-KGins Virus in Eubetonated 
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Hens’ Eggs lasheth M Kraft and Irving 
Gordon^ Division of Laboratories and 
Research, New York State Department 
of Health, Albany 

The virus of lymphocytic chonomemn- 
gitis has been grown by others on the chono- 
aliantois and in the yolk sac of embryonated 
hens' eggs This study was undertaken to 
determine the optimal route and incubation 
period for attaimng high virus titer, par- 
ticularly m the extraembryonic fluids, for 
the production of complement-fixing anti- 
gen 

Eggs were inoculated via the yolk sac, 
chorioallantoic membrane, and allantoic 
sac, and vanous incubation periods were 
arbitrarily chosen Yolk sac and chorio- 
allantoic membrane of the respective senes 
and allantoic fimd of the three senes were 
harvested and tested intracerebrally in 
mice The lethal titer of serial 10 or 100- 
foid dilutions of the first and fourth passage 
material was detenmned The results 
indicate that allantoic fluid is not a nch 


source of the virus but that the tissues 
tested contain considerable amounts (titers 
of 10-^) 

Further studies are in progress using the 
ammotic route as well as the yolk sac and 
chorioallantoic routes 

Effect of Soin AcriNOiircETES and 
pH on the mm Strain of Poliomteutis 
Virus Albert Sckatz, Division of 
Laboratories and Research, New York 
State Department of Health, Alban> 
Culture filtrates of soil actmomycetes 
antagonistic to bacteriophages were tested 
for antibiotic activity on the MM strain 
of poliomyelitis virus Inoculations were 
made mtraperitoneally in mice Under 
the conditions of the experiment, none of 
59 preparations exerted any defimte antag 
omstic effect on the virus Results under 
the conditions employed indicated the 
necessity for careful control of the pH of 
the test material 


WASHINGTON BRANCH 


One Hundred and Fifty-sinth Meeting, Colubqb Park, Marydand, 

April 22, 1947 


The Effects of Lactobacilli on the 
Quality of Cheddar Cheese Made from 
Pasteurized Milk Ralvh P Tittsler, 
George P Sanders, Homer E Walter, 
Donna S Geib, Oscar S Sager, and Harry 
R Lochry, Bureau of Dair> Industry, 
Agricultural Research Administration, 
U S Department of Agriculture, Wash- 
ington, D C 

Cheddar cheese was made from milk of 
good quality, which was pasteurized and 
divided equally into two lots Lactic 
starter was added to one lot Lactic starter 
and a supplemental starter containing lacto- 
bacilh were added to the other lot The 
bacterial flora and chemical changes in the 
cheese were detenmned at 1 day, 2 weeks, 
and 1, 2, 3, 4, and 6 months 
Lactobacillus casei (three types), L arabi- 
nosus, L pentosus, L fermentx, and L 
planiarum (mcluding several types isolated 
from Cheddar cheese made from raw milk) 
grew rapidly in the cheese The maximum 


numbers of lactobacilh, from 50 to 500 
millions per gram, were present at from 2 
to 12 weeks, depending on the species and 
numbers added and on the temperature (50 
or 60 F) of ripening the cheese 

L hulgaricus, L hehehcus, L lochs, and 
L acidophilus, added to the milk in rela 
tively large numbers, were not detected m 
cheese ripened for 2 weeks or more at either 
50 or 60 F The grades of the cheese were 
the same as those of the corresponding 
controls 

L fermenh produced gas and a decidedly 
objectionable flavor in the cheese L casei 
increased the acidity m the cheese but did 
not increase proteolysis It increased the 
development of flavor but, vnth prolonged 
cunng, it usually produced an acid flavor 
and ''short" body Some strains of ^ 
arahinosus, L penfosuc, and L plantarum 
increased the development of flavor and di 
not increase the acidity to an objectionable 
extent Other strains had httle if any eflec 
on the quality of the cheese 



EASTERN PENNSYLVANIA CHAPTER 

One Hunduee and NiNETY-Founrn Meitino, PiiiLADELrniA, Pennsylvania, 

ArniL 22, 1947 


Ain Sampling Pi nronMANci Crciyl 
Crwm6 and IT F T1 clh^ School of Mcdi* 
cinc, Unncrsitj of PcnnBjhnnin, Philn 
dclphin, PcnnsjUnnin 
In studies of airborne infection, pathogens 
on droplet nuclei arc of greater hygienic 
significance than ubiquitous saprophytes 
on dust Therefore a standard instrument 
capable of cfiicicnth sampling droplet nu- 
clei in air is essential 

The air centrifuge at j cfm, at 1 cfni, slit 
sampler, acroscopc, sie\e, and funnel rcco\- 
cred from 1 cubic foot of air the follo\Mng 
number of fine droplet nuclei per fine droplet 
nucleus settling on a petn plate in one min- 
ute S41 5, 277 5, 3S5 5, lOG 5, 27 S, and 1 5, 
respcctnely Against coarse nuclei the 
counts were 83 3, 49 5, 39 8, 23 3, 23 3, and 
2 3, respecti\ ely^ 

These results were confirmed by operating 
instruments in tandem The slit sampler 
(following aeroscopc), and centrifuge (fol- 
lowing sieve, or funnel) collected, respec- 
tively, 1 7, 47 6, and 160 1 times as many 
fine nuclei as were removed from this air by 
the preceding instruments For coarse 
nuclei the figures are 0 4, 0 7, and 13 3 
Evidently the efficiency of sampling in- 
struments increases with increase in particle 
size, and for sampling dust particles, which 
are much larger than these coarse nuclei, 
even the settling plate is satisfactory But 
for recovering fine droplet nuclei, one of the 
more efficient air samplers, such as the cen- 
tnfuge or the slit sampler, is indicated 

Epidemic of Influenza A Among a Re- 
cently Vaccinated Population Isola- 
tion of a New Strain of Influenza A 
Virus M Michael Sigelj Frank W 
Shaffer^ and Werner Henle, The Children's 
Hospital, Philadelphia, Pennsyhania 
In March, 1947, an outbreak of upper re- 
spiratory infection occurred in a school in 
New Jersey Practically all of the students 
had been vaccinated against epidemic influ- 
enza early in Eecember, 1946 The epi- 
demic was diagnosed as influenza A both by 
etiological and serological tests 


The virus L 247 was isolated from pooled 
throat washings by nmniotic inoculation of 
cluck embryos It proved to be antigeni- 
cally distinct from the PR8 and Weiss 
strains of influenza A incorporated in the 
vaccine Alost of the individuals possessed 
high titers to the PR8 strain of influenza A 
in the acute scrum specimen, indicating that 
the vaccine was of satisfactory potency, a 
fact which has been confirmed by mouse 
vaccination tests The acute sera showed 
low titers to the L247 virus 
Comparative studies on acute and conva- 
lescent sera by the inhibition of hemagglu- 
tination gave significant rises in all conva- 
lescent sera when tested with the L247 
strain The complement-fixation test with 
PR8 virus w as as satisfactory and almost as 
sensitive as the inhibition of hemagglutina- 
tion w ith the homologous virus Both tests 
were far superior to the inhibition of hemag- 
glutination with PR8 or Weiss viruses 
which, in a number of individuals, failed to 
demonstrate rises in titer 

A Seriological T\pe of Paracolon as a 
Probable Cause of an EpiDEmc of 
Gastro-enteritis T F McNair Scott, 
Lems L Corielly H Dams, and Ben H 
BoltjeSj Children’s Hospital, Philadel- 
phia, Pennsylvania 

At the end of a short, mild, but extensive, 
outbreak of gastro enteritis at a children’s 
camp, a bacteriological survey was made of 
43 patients and 10 food handlers Two 
weeks after the last case, 26 of the previous 
patients, 33 controls, and 9 food handlers 
were again studied Rectal swabs revealed 
Paracolobactrum orgamsms m 28 per cent 
in the first survey and 15 per cent in the 
second Biochemically, 7 were P interme- 
dins, 4 P aerogenoides (1 somewhat differ- 
ent), and 1 was different, m the first survey, 
in the second, 10 were different, resembling 
atypical Paracolobactrum or, possibly, Pro- 
teus organisms An antiserum to one 
formohnized P aerogenoides agglutmated 
the 11 similar Paracolobactrum orgamsms 
from the first survey, but none of those from 
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the second Pooled 32011 antiserum be- 
haved similarly Antisera to 2 other first 
survey orgamsms and cross absorption tests 
revealed 4 antigenic subgroups with inter- 
locking antigens one in group I, nith vide 
antigemc crossing with the other groups, 2 
in group II, 7 in group III, and 1 in group IV 
Representatives of the first 3 groups vere 
agglutinated by patients* convalescent sera, 
but also by control sera Further studies 
revealed such antibodies present in well 
babies and nondiarrhoeal patients in a dif- 
ferent commumtj , after the age of 6 months, 
but not before Since antibodies from 
camp sera were easily absorbed by represen- 
tative orgamsms, they possibly resulted 
from a wide exposure to these orgamsms, 
rather than being natural antibodies The 
serological studies were conducted with O 
antigens Epidemiological evidence impli- 
cated Paracolobactrurrit 60 per cent of the 
orgamsms isolated formed a serological 
group and another 25 per cent were very 
closely related 

Studies on the Complement Pination 
Antigens in Mumps Gertrude Henle, 
Werner Henle, and Sixsanna Hams, 
Children's Hospital, Philadelphia, Penn- 
sylvama 

It has been demonstrated that there exist 


at least two serologically distinct antigens 
in chick erabr> os infected with mumps viros 
One IS intimately linked with the infectious 
agent, the other is smaller m size and may 
be termed a ^'soluble*' antigen Upon 
allantoic injection the virus-bound antigen 
IS found mainly in the allantoic fluid, the 
soluble antigen largely in the allantoic mem 
brane The virus-bound antigen is sedi 
mented by high-speed centnfugation at 
20,000 rpm for 20 minutes, and the soluble 
antigen, for the greater part, at 30,000 rpm 
for 60 minutes These two antigens can be 
differentiated by absorption of convalescent 
serum Absorption with the soluble anti 
gen leaves the antibodies to the virus bound 
antigen intact, and absorption with virus 
particles does not markedly decrease the 
antibodies to the soluble antigen 
Upon studying sera of patients during and 
after an attack of mumps, and sera of people 
with a past history, a variable response to 
the tv o antigens has been observed These 
obser\ations suggest that for the detenm 
nation of 6usceptibilit> of an individual, 
\irus bound antigen should be employed, 
for the demonstration of either recent infec 
tion or contact with mumps virus the 
soluble antigen, and, for diagnostic pur 
poses, both antigens will give reliable 
information 


CONNECTICUT VALLEY BRANCH 
Storks, Connecticut, April 24, 1947 


The Prophtlaxis of Rheumatic Fever 
WITH Sulfonaahdes Nchou K Ordway, 
Yale School of Medicine, New Haven, 
Connecticut 

Twelve reports have appeared m the past 
eight years concerning the efficacy of 
sulfonamides, chiefly sulfanilamide, m pre- 
ventmg recurrences of rheumatic fever in 
mdividuals who have had previous attacks 
When severe statistical catena are em- 
ployed, it 18 found that only two of the 
papers report sigmficant results These 
two studies are, however, highly signif- 
icant, and if less ngid catena are em- 
ployed, four of the other studies assume 
sig^cance Though the remaimng re- 
ports fail to achieve statistical sigmficance, 
they indicate without exception a reduced 


incidence of rheumatic fever in individual 
receiving sulfonanude prophylaxis The 
lowered incidence of rheumatic fever iras 
paralleled by a reduction in the incidence 
of disease due to group A hemolytic strep 
tococci and in the number of earners of this 
orgamsm These studies are of importance, 
not only to the chmcian in making availahk 
a tool for the control of rheumatic fever, 
but also to the bactenologist in providing 
additional evidence in support of the 
generally accepted thesis that rheumatic 
fe\er represents an allergic response to 
infection with the hemol 3 d;ic streptococcus 

A SniPLE Medium for Growth of Tu 
BEBCLB Bacilli Donat L Dunphy on 



Mildred D Fouscly Yale Uni\ crsity School 
of Medicine, Ne\\ Ha\en, Connecticut 
This prcliminnr> stud^ suggests that a 
medium consisting of l>scd blood and 
ghccrol supports the growth of Mrulent 
tubercle bacilli Grow th is apparently 
more rapid than that occurring on Petrng- 
nanfs medium It would seem that the 
amount of grow th and the time requirement 
are in direct relation to the number of tu- 
bercle bacilli in the inoculum If this 
medium continues to gi\e reliable results, 
its simplicitj of preparation and avail- 
ability are assets for its use in the diagnostic 
laboratory The problem of contamination 
can be eliminated from culture material 
such as Eputums and gastric washings by 
digestion with 6 per cent sulfuric acid 

The Relationship Betw'een pH Tol- 
erance AND Virulence or Bacteria 
J M Lcisc, Department of Bacteriology, 
Yale Unn ersity School of Medicine, 
New Ha\en, Connecticut 
Mrulence and pH tolerance (the ability 
to grow in alkaline broth) were found to be 
related when \urulent and avirulent strains 
of Shigella and Bacillus anihracts were 
studied The Mrulent bacteria were able 
to grow in alkaline broth with smaller 
mocula than the related avirulent bacteria 
Differentiation occurred at pH 8 65 to 
8 75 with the Shigella strains, and at pH 
91 to 9 35 wrth the B anthracis strains 
The virulent strains also grew better than 
the avirulent in human and in horse serum 
These results were thought to be due to 
the presence of proteolytic enzymes which 
are more effective in alkaline solution in 
the Virulent than in the avirulent bacteria, 
for the pH tolerance of an avirulent B 
anthracis strain was increased by adding 
trypsm to alkaline broth Also, filtrates 
of broth cultures of virulent bacteria 
showed more proteolyrtic enzyme activity 
than did filtrates of the avirulent bacteria 
It was postulated that the proteolytic 
enzymes are associated with virulence by 
being related to the invasiveness (ability to 
grow m the body) but not to the toMCity of 
the organism 

Experimental Infection of Flies with 


Human PoLiOim:LiTis Virus Joseph L 
MclnxcJ and Lawrence R Penner, Section 
of Preventive Medicine, Yale University 
School of Medicine, New Haven 
Nonbiting fllies at epidemics of polio- 
myelitis have been found to Iiarbor the 
virus of this disease regardless of whether 
they hav e been collected at rural, suburban, 
or urban areas It is important to answer 
the question of the survival of the virus 
in the fly, especially as it pertains to pos- 
sible multiplication in this host It would 
appear that one should test fly species with 
feeding habits that make them most likely 
to be contaminated with virus in nature 
and that one should use strains of virus 
which appear in nature 
Human poliomyelitis virus, as naturally 
present in stools of poliomyelitic patients, 
has been fed to blowflies, Phormta regina 
After this feeding, virus was found in the 
flies for 2 weeks, and in their excreta for 
3 weeks 

Murine adapted strains (Lansing and 
Y-SK) of poliomyelitis virus and Theiler^s 
TO strain of spontaneous encephalomy^elitis 
of mice behave like biologically inert 
carmine in flies {Phormia regina, Phaemcia 
sencata, and Sarcophaga bullata) Follow- 
ing their ingestion by flies they may be 
found in gradually decreasing quantities 
for a period of 5 days 

Determination of Bacterial Sensitivity 
TO Streptomycin in the Small Hos- 
pital Laboratory Kenneth N Atkins, 
and Eleanor Hoag, Department of Bac- 
teriology, Dartmouth Medical School, 
Hanover, New Hampshire 
Parallel experiments with the army dilu- 
tion method and paper disks contaimng 5, 
10, 25, 50, and 100 umts of streptomycin 
placed on surface-inoculated blood agar 
plates showed comparable results The 
disk method appears to be preferable for 
routine tests because of its simphcity 
Of the orgamsms tested. Pseudomonas 
aeruginosa is umque in that by the disk 
method hemolysis is inhibited by the 10- 
umt disk though the growth is inhibited 
only by the 50- and 100-umt disks This 
observation may be a clue to the mechamsm 
of hemolysis by this organism 
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KENTUCKY-TENNESSEE BRANCH 

Bowlinq Geben, E^jntxtckt, April 26, 1947 


Aixjoholic Fermentation Under Re- 
duced Pressure M C Brockmann, 
Joseph E Seagram and Sons, Inc , Louis- 
ville, Kentucky, and T J B Sixer ^ De- 
partment of Physiology, Indiana Univer- 
sity, Bloormngton, Indiana 
After inoculation with a distillery type 
yeast, a glucose yeast extract KH 2 PO 4 
medium was maintained at 30 C under an 
absolute pressure close to the vapor pressure 
of water and at the same time sparged with 
water vapor Control cultures, which 
were held at atmosphenc pressure, were 
flushed with tank CO 2 at the time of inocula- 
tion in order to reduce the oxygen tension 
of the medium to a level comparable to 
that in the low pressure cultures 
The pressure differences did not have a 
marked influence either on the rate of glu- 
cose utilization or on the ultimate yeast 
population Under reduced pressure the 
concentration of alcohol in the medium 
never exceeded 0 65 g per 100 ml, whereas 
free acetaldehyde was depressed to almost 
one -half the concentration found in com- 
parable control samples In low pressure 
cultures 5 5 to 6 0 g of glycerol were formed 
per 100 g of glucose metabolized, on the 
same basis control cultures produced 3 0 to 
3 5 g With each type of culture, glycerol 
formation was a linear function of glucose 
utilization throughout the greater part of 
the observation penod However, imder 
low pressure the output of glycerol per umt 
of yeast population per hour fell in the 
latter part of the observation period to 
approximately the same level as the con- 
trol 

The Oxidoton of Carbohydrates by a 
Surface Strain of Penicillium no- 
TATUM Frederick T Wolf, Department 
of Biology, Vanderbilt University, Nash- 
ville, Tennessee 

This study is concerned with measure- 
ments of the oxygen consumption of a sur- 
face strain of Pemcillium notaium (NRRL 
1249), usmg the Fenn differential respirom- 
eter The QO 2 of P notatumf as measured 
m the lactose com steep medium in which 
the fungus was grown, vanes with the age 


of the culture, increasing to a value above 
16 mm* per hr per mg at 3 to 4 days, and 
decreasing rapidly thereafter 
Glucose, galactose, mannose, malto% 
and cellobiose are rapidly oxidized by 
P notaium Glycerol, calcium lactate, 
arabmose, xylose, rhamnose, fructose, su 
crose, lactose, dextnn, maimitol, sorbitol, 
dulcitol, and adomtol are more slowly 
oxidized Trehalose and soluble starch 
were not oxidized, under the conditions 
employed, by this strain of P notaium 
The Bigmficance of the findings in relation 
to commercial pemcillm production was 
discussed 

A Survey of the Potability of Well 
Waters in Central Kentucky Rafad 
A Carixn and R H Weaver ^ Department 
of Bacteriology, University of Kentucky, 
Lexington, Kentucky 
Water samples have been exaimned from 
73 wells m central Kentucky, representing 
an area of four counties Of these, 62 
yielded colifonn organisms Fifty of the 
wells could be classified as heavily polluted, 
as judged by the number of cohfonns m 
the samples Of the 11 samples that did 
not yield coliforms, several gave relatively 
high 37 C standard plate counts Tlu3 
may be interpreted as indicating potential 
danger 

Central Kentucky is a limestone region 
The relative lack of potable water supplies 
in this region confirms the common finding 
that strata of limestone are poor filtering 
agents for ground water supplies The 
wells that were included in the study varied 
from 25 to over 2,000 feet in depth and » 
located in vanous strata of limes^* 
Except for one 2,000 foot well, no cc 
tion could be found between the • 
the wells or the strata in which 
located and the potability of the 
The soil type that overlaid the w 
mg strata also did not appear to 
mficant factor 

A Rapid Method for the D 
Bacterial Contaminati* 
merged Mold Cultures 



5 L AdamSf and H Starkf Joseph E 
Scftgram and Sons, Inc , Louisville, 
Kentucky 

The rapid detection of bacterial contami- 
nation IS of great importance m submerged 
mold amylase propagation Am j lose jiclds 
are reduced if contaminating bacteria are 
present The use of solid or scmisolid 
media for detecting contaminants is un- 
satisfactory because mold growth masks 
bacterial colonies and the granular nature 
of the inoculum makes the detection of 
pm point colomcs difficult A turbidi- 
metric method was dc\ eloped after noting 
that the mold, Aspergillus nipcr, produced 


a pellicle but no turbidity in an enriched 
> cast extract glucose peptone medium The 
contaminating organisms, however, pro- 
duce a marked turbidity in the medium m 
24 hours or less 

This method has been used with a high 
degree of success in detecting the presence 
of contaminating bacteria in both labora- 
tory and pilot plant submerged mold 
amylase propagation In most cases, re- 
sults can be obtained in 6 to 18 hours, and 
in no instance has it taken more than 24 
hours to detect easily the presence of con- 
taminating bacteria 


TEXAS BRANCH 
Austin, Tex&b, April 26, 1947 


The Use of Beef Serum as a Diluent 
for Chick Membrane Smallpox Vac- 
cine Paiit Crain, Biologies Division, 
Texas State Health Department, Austin, 
Texas 

The one undesirable aspect of chick mem- 
brane smallpox vaccine as produced by this 
laboratory since 1939 has been its lack of 
thermostability Following reports by 
Buddingh and others on the protective 
effect of inactivated serum, lots of vaccine 
diluted With inactivated beef serum, in- 
activated beef serum wnth one umt of peni- 
cillin per ml, equal parts beef serum and 
gl>cerol, glycerol saline, and a control lot 
of calf l 3 nnph were compared These 
vaccines, in capillary tubes, were stored at 
37 C, room, and refngerator temperatures, 
and were tested at intervals on rabbits by 
two senes of intracutaneous titrations, by 
vaccinations, and by Leake and Force 
titrations The lots of vaccine diluted with 
inactivated beef serum consistently re- 
tained activity longer 
After 18 months* use, a companson be- 
tween it and the old glycerol saline vaccine, 
on the basis of 32,000 reports from health 
oflScers throughout the state, shows that 
the old vaceme was giving an average of 
76 45 per cent ‘‘takes,” whereas the new has 
given 94 66 per cent “takes ** 

Mvcomtcin — ^A New Antibiotic Produced 
A Moldlike AcriNoaircETE Active 


Against the Bacilli of Human Tu- 
berculosis Edwin A Johnson and 
Kenneth L Burdon, Department of 
Bacteriology and Immunology, Baylor 
University College of Medicine, Houston, 
Texas 

A contanunant on a Sabouraud*s agar 
plate was found to be inhibiting strongly 
the surrounding growth On isolation this 
organism proved to be a moldhke actino- 
mycete of unusual properties It showed a 
sharply limited pH growrth range, failing 
to multiply at pH 7 0 or above Simul- 
taneous inoculation of slanted media with 
various test organisms revealed a marked 
antagonism against several of the gram- 
positive and gram negative pathogenic 
bacteria, including mycobacteria, yeast, 
and molds 

Filtrates of pure cultures in tryptone 
starch broth, and also the aqueous solu- 
tions (“mycomycin*’) obtained after ether 
or amyl acetate extraction, had a similar 
activity The best extracts to date have 
completely prevented growth of the routine 
test orgamsm {Bacillus siibtilis) in dilutions 
of 1 7,500, and have stopped the growrth of 
virulent human tubercle bacilli in approxi- 
mately a 1 5,000 dilution The presence of 
serum did not greatly reduce the activity 
However, erythrocytes showed a defimte 
adsorption curve over a 24 hour period 
Highly active concentrates are nontoxic for 
mice 
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The Destruction of Hyalitronic Acid 
BY Capsulated Group A Streptococci 
Robert M Pike and Nadine Salemy De- 
partment of Bacteriology and Immunol- 
ogy, Southwestern T^Iedical College, 
Dallas, Texas 

When mucoid strains of group A strepto- 
cocci are grown m serum broth, hyaluromc 
acid accumulates in the culture fluid as the 
capsules disappear from the cells After 
the maximum concentration of hyaluromc 
acid IS reached, it remains constant during 
continued incubation in cultures of some 
strains, but in others it was found to dis- 
appear in from 1 to 7 days This decrease 
in hyaluronic acid concentration appears 
to be due to an extracellular enzyme, since 
Btenle filtrates show the same decrease as 
whole cultures, but filtrates heated at 60 
C for 30 minutes retain their hyaluromc 
acid The enzyme produced by one strain 
will also destroy hyaluromc acid produced 
by another strain These observations 
indicate that capsulated group A strepto- 
cocci, as well as the noncapsulated strains 
previously described by others, may pro- 
duce hyaluromdase The enzyme activity 
of capsulated strains, however, is relatively 
weak and highly vanable The relation of 
this enzyme to the disappearance of cap- 
sules from the cells and to phase vanation 
13 not yet apparent 

Altering Drug Resistance of Bacteria 
WITH Bacterial Extracts Orville Wyee^ 
Department of Bactenology, Umversity 
of Texas, Austin, Texas 
Sterile punfied nucleoprotein extracts 
were prepared from a drug-sensitive strain 
of Eschenchta coli and a drug-resistant 


strain derived from it The addition ot 
the nucleoprotein extract from the sensitive 
strain to a young growing culture of the 
resistant strain resulted in a culture in 
which the number of highly resistant or 
gamsms was reduced Conversely, the 
addition of the extract from the resistant 
strain to a growing culture of the sensitive 
strain quantitatively increased the distnbu 
tion of resistant forms in the resulting popu 
lation The nucleoprotein extracts were 
separated into the nucleic acid and protein 
components The nucleic acid was the 
active fraction 

A Factor Toxic to Brucella abortos r. 
Some Lots of Trtptose V T Schu 
hardt and L J Rode, The Brucellosis 
Research Project of the Clayton Founds 
tion and The Umversity of Texas, Austin, 
Texas 

Three of 7 lots of Difco tryptose tested 
showed the presence of a factor which 
specifically suppressed the growth of 
inocula of 5 strains of Brucella ahorim 
contaimng up to a billion or more viable 
orgamsms The factor was not actne 
against strains of Brucella 
Brucella suis, or six other bacterial species 
tested The factor in 2 per cent trypto^s 
was shown to be brucellacidal in 48 hours 
against inocula of 400 to 500 orgamsms pet 
nfi The toxic factor in tryptose broth i3 
neutralized by blood, serum, Difco agar, 
and aqueous extracts of a number of plant 
and animal tissues This fact limits the 
practical significance of the toxicity factor, 
but we believe that the factor may posset 
considerable biological significance 
that efforts to determine the chemical 
nature of the factor are justified 
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It has been shown bv application of nppropnate reagents to standard agar 
penicillin assay plates after different penods of diffusion of penicillin that — SH 
groups and dienols are present outside the zones of inhibition, but are relatively 
scarce or are lacking inside the zones (Dufrenoy and Pratt, 1947) The results 
indicated that a threshold effect involving an — SH^=^S“S equilibrium exists at 
the boundanes of the inhibition zones Our conclusions, based on the macro- 
scopic evidence obtained by developing assay plates with reagents for — SH 
groups and for dienols, emphasized the sigmficance of the sulfhydryl radical as 
an important part of a redox system and the possible relation of sulfhydryl groups 
to the mechanism of action of penicilhn on susceptible orgamsms Our second 
paper (Pratt and Dufrenoy, 1947a) correlated the macroscopic patterns on the 
"developed” assay plates wnth cytochemical changes induced mthin the test 
orgamsms by a bactenostatic concentration of pemcilhn 
In the present paper we will present cytochemical evidence that correlates the 
bacteriostatic actmt3’' of pemcillm against Staphylococcus aureus with changes m 
reaction to the gram stain and with each of the three cell constituents cited by 
Henry, Stacey, and co-workers (1943, 1945, 1946), as playing an essential role m 
a positive reaction to the gram stain, viz , (1) nucleoprotems, (2) argmine, and 
(3) — SH groups 

Convergent lines of evidence obtained by the use of vanous histocheimcal and 
cytochemical techniques mdicate that, previous to inhibition, cells of S aureus 
exposed to bactenostatic concentrations of pemciUm go through a chmactenc 
penod of enhanced metabolism, dunng which they consume sulfhydryl compounds 
more rapidly than they can restitute them (Dufrenoy and Pratt, 1947) Thus a 
depletion of active components of aerobic respiratory systems ensues This 
Diay be assumed to result in failure of the supply of energy reqmred for active 
absorption of solutes (Pratt and Dufrenoy, 1947a) A similar correlation is 
suggested by the work of Gale and Taylor (1946), who showed that bactenostatic 
concentrations of pemciUin block the absorption of the essential metabohte, 
glutanune, by iS aureus Their observation that the first physiologically evi- 
dent effect of jienicilhn is inhibition of glutamine assimilation appears extremely 
sigmficant, smee glutamine is a component of glutathione, the activity of the 
SH group of which is known to depend markedl}^ on the vicinal NH groups 

* The execution of this work was made possible by a generous research grant from the 
Cutter Laboratones, Berkeley, Cabfornia 

*With the laboratory assistance of Toinie Juntunen 
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Therefore it seemed desirable to study the distribution of ammo acids in the 
various regions of penicillin assay plates after different penods of exposure to 
penicillin The v ork was limited somewhat in scope because, obviously, tech 
mques that reqmie the use of heat could not be used, since the agar would have 
melted, and reagents which promptly hydrolyze an agar base could not be used 

MATERIALS AND METHODS 

The techniques employed m this work were similar to those reported previously 
{loc cit ) The only changes were m the reagents that were used These are 
descnbed under the individual experiments Staphylococcus aureus NRRL 
313 was used throughout 

It should be understood that the phrase 'T6-hour plates^' refers to penicillin 
assay plates treated as prescnbed by the Food and Drug Administration for the 
standard cyhnder plate assay (similar to the recommendation of Schmidt and 
Moyer, 1944) The phrase *‘3~hour plates” refers to plates that were seeded, 
then incubated for 3 hours before the addition of ^^pemcylmders,” and then were 
subjected to a second penod of incubation, dunng which penod pemcillin was 
permitted to diffuse from the cylmders The details of the preparation of such 
plates are given by Goyan, Dufrenoy, Strait, and Pratt (1947) 

EXPERIMENTS AND RESITLTS 

Development with reagents for ammo acids (1) Sakaguchi test for argimne 
It IS stated that this reagent when prepared according to the directions of Glick 
and Fisher (1946) may be considered specific for the detection of arginine in liv 
mg cells .When assay plates incubated ivith penicillin for 3 hours, as m the 3 
hour cyhnder plate assay method, are treated with the <x-naphthol, hypobromite, 
and urea reagent, a positive reaction (manifested by development of red color) 
occurs m the areas of noninhibition, whereas the areas of inhibited growth de- 
velop a very faint pink color 

(2) Alloxan test for a-amino acids When 3-bour plates are flooded with a 
1 per cent solution of alloxan m alcohol, a strong positive reaction (manifested 
by development of a deep red color) promptly appears m the background of 
normal uninhibited growd-h, whereas a very weak reaction (faint pink color) 
develops m the areas of inhibited growth, omng to the stammg of the onginal 
colomes developed dunng the period of prelimmary incubation without penicillin 
It should be pomted out that although the alloxan-positive reaction may be con 
sidered as indicating the presence of ammo acids, it has also been suggested that 
such a reaction might also indicate the presence of — SH groups (Serra, 1946} 

(3) MiUon^s reagent for tyrosine The phenoUc ammo acid, tyrosine, and 
its phenohc denvatives are held to be responsible for the very sensitive MiHnn 
reaction (Everett, 1946, p 374) When a drop of this reagent is allowed tc 
spread at the margin of a zone of inhibition, on a standard 16-hour assay pla^ 
seeded mth S aureus, the actively gro^ung microorgamsms at the outer mau 
of the inhibition zone give a very strong positive reaction within a few mmut*- 
so that the clear inhibition zones appear surrounded by transient vmd red * 
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It should be noted, liowevcr, that ^vc do not claim specificity for tyrosine in the 
site of the positive million reaction, especially since the region giving the strong- 
est positive reaction with this test corresponds with that shown previously to 
be richest in phenolic compounds (Dufrenoy and Pratt, 1947) 

Sulfhydryl groups ?n (he graui-posifwe complex In 1944 Bartholomew and 
Umbreit pointed to “the involvement of sulfliydryl groups in the over-all gram 
reaction’* and m 1945 Hcnr}% Stacey, and Teece reported that gram-positive 
organisms differ from gram-negative organisms m that on autolysis at pH 8 
and 37 C the former release some gram-positivc nucleoprotein, made up of nucleic 
acids and of a basic protein, winch in its native reduced state involves — SH 
groups Histoncally, it is interesting to note that Bach and Del(5tang (1931) 
and Deldtang (1932) observed that orgamsms fixed m oxidizing killing fluids 
tend to lose their gram-positivcness, and that even earlier Deusen (1918, 1923) 
showed that gram-positivcs could be con\ erted into gram-negatives hy a number 
of methods He concluded that tlie change w^as the result of chemical processes 
These observations can now be interpreted in terms of oxidation of the sulfhydryl 
groups 

Our expenmen tal results show that cells of S aureus rapidly lose their gram- 
positive staining reaction when exposed to bactenostatic concentrations of 
penicillin In other wwds, wathin the inhibition zones on standard 16-hour 
plates, where no positive reaction for sulfhydryl groups can be obtained, cells 
of S aureus are no longer gram-positive Cells picked from the uninhibited 
background of such plates, however, show’’ the usual range of reaction to the 
gram stam that may be expected from a culture of that age, i e , actively growing 
t}T}ical gram-positive cells are coexistent with senescent cells which have more 
or less lost their gram-positive reaction Within the inhibition zones, the only 
gram-positive cells are those from the few penicilhn-fast organisms that are con- 
stantly encountered on assay plates However, practically all of the cells which 
persist \vithm the inhibition zones fully decolonze under the same treatment 
that preserves the stain m the majonty of cells outside the zones The back- 
ground of uninhibited growth on 3-hour assay plates consists of actively growing 
colonies, composed almost exclusively of gram-positive cells 

Within the rasige of diffusion of bactenostatic concentrations of pemcillin, 
however, there can be observed all stages of loss of gram-positiveness It is 
notable that cells affected by pemcillin, as they are m the process of division, 
swell into “diplococcushke” units, and the gram-positive matenal appears as 
inclusions m two sharply defined regions, one toward each pole Each of these 
gram-positive regions is homologous to the portions of the cells previously de- 
scribed as staining vitally with neutral red under a comparable stage of inhibition 
by bactenostatic concentrations of penicillin (Pratt and Dufrenoy, 1947a) 
Those bodies have a strong affimty for vanous basic dyes, such as methyl green, 
and may be supposed to contain, besides the phenolic compounds previously 
alluded to, some nucleic denvatives The next section, therefore, pertams 
to tests designed to reveal the distnbution of nucleic acid denvatives in the 
areas of normal umnhibited growth and of inhibited growth on the test plates 
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Development with reagents for nucleic acid The following dyes have been 
recommended as reagents for the detection of nucleic acid methylene blue, 
Nile blue, tolmdme blue, bromcresol purple, methylene green, malachite green, 
and saframne 0 When the 3-hour assay plates are flooded with an aqueous 
solution (5 mg per L) of any of these dyes, a sharp defimtion of the inhibition 
zones is obtamed These reagents agree m locatmg the boundary of the zone 
at the same distance (withm the hnuts of experimental error) around a cylinder 
from which a given concentration of pemcillm has been permitted to diffuse 
(Pratt and Dufrenoy, 19476) 


DISCUSSION AND CONCLUSIONS 


The data obtamed by the adaptation of different histochemical and cyto- 
chemical stammg techmques to pemcillm assay plates are recorded m this paper 
and its two predecessors m the senes The present discussion will embody the 
results of all three papers and is mtended as a rdsum^ and summary of our work 
to date on the subject 

A pemcillm assay plate, with its zones of inhibited and of normal uninhibited 
growth of the test organisms, may be regarded as a field of distnbution of different 
chemicals The pattern of that distnbution may be regarded as representative 
of the distnbution of the several constituents and metabohc products and by 
products of cells that are growmg normally and of cells that are imder the 
influence of pemcillm Therefore, the addition of suitable reagents and careful 
observation of the reactions that occur m different parts of the test plates might 
be expected to impart information concemmg the mechamsm of the action of 
pemcillm on the test organisms The patterns that develop may be regarded 
as the result of the interaction of biological ^"forces,’’ represented by the growth 
of the test organisms, and of physical “forces, represented by the diffusion of 
pemcilhn The most apparent manifestation of this mteraction is the develop- 
ment of zones of inhibition that are readily seen without further treatment on 
standard 16-hour plates, or that may be revealed easily by proper development 
with appropnate reagents on plates seeded with organisms and subjected to the 
diffusion of pemcillm for penods as short as 3 hours Similar chermcal evidence 
may be obtamed on standard 16-hour plates, and on 3-hour plates, although 
the results are sometimes obscured on the former because of the virtually com 


plete destruction and ly^s of the cells of the test orgamsm 

The first senes of experimental data furnished evidence for a threshold effect 
mvolvmg sulfhydryl groups and, correlatively, dienol groups at the boundanea 
of the inhibition zones Inhibition zones on standard 16-hour plates, and on 


properly developed 3-hour plates, are surrounded by a nng of maximum positn^ 
reaction for — SH groups or for dienol groups Such an intense reaction for —Sh 
groups may be taken as mdicative of either an active synthesis of proteins or ^ 
active denaturation of protems that results m the unmaskmg of bound 
groups In other words, an intense positive reaction for — SH groups revea 3 
the site of mtense activity of protemases that may operate m the bmldmg uP ^ 


nucleoprotem complexes or in the denaturation of such complexes 
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The nngs surrounding the zones of inhibition are also sites of strong positive 
responses to Millon’s reagent, probably indicating the presence of tyrosine, 
correlative to richness in proteins The nngs of enhanced growth are also the 
sites of strong positive reactions for phenolic compounds, and for nucleic 
compounds 

C}^ochcmical studies of cells of S aureus taken from different regions of the 
assay plates shoT;\ ed that exposure to bactenostatic concentrations of penicillin 
not only tends to prevent cell diyision, but also effects changes in the location 
and distnbution within the cells of ‘Vacuolar matenal” responsible for the ab- 
sorption of vital dyes and, by extension, presumably of other solutes as well 
This hypothesis is in accord with the published data of other authors and our 
own unpublished observations on the localization of reduced silver in normal and 
in inhibited cells of S aureus following immersion in solutions of silver nitrate, 
exposure to light, and subsequent development Vital staimng demonstrated 
that the location of the vacuolar matenal in cells under the bactenostatic in- 
fluence of pemcilhn corresponds ivith the site of positive reactions for phenohe 
compounds (as shown b}’’ the reduction of osmic acid or silver nitrate and the 
adsorption of djns, such as saframne or basic fuchsin) and with that which 
stains with basic dyes (such as malachite green and methyl green) that are known 
normally to stain nucleic acids 

Vendreley and Lipardy (1946) desenbe the bacterial cell as loaded with 
ribonucleic acid but surmise that it is located mostly in the cytoplasm which 
adsorbs basic dyes strong^ The most stnkmg change that we have observed 
m cells of S aureus affected b^'* a bactenostatic concentration of pemcillm is 
sharp localization of the absorption or adsorption of basic dyes to the vacuolar 
matenal, and sharp restnction of the gram-positive staimng reaction to that 
vacuolar matenal This observation may be of fundamental significance, smee, 
as was pomted out above, Gale and Taylor (1946) showed that cells of S aureus 
under the influence of bactenostatic concentrations of pemcillm may be con- 
sidered as starving for glutamme, and smee it was shown by Steam and Steam 
(1930) that “starving bacteria gradually lose gram-positivity passing through a 
stage where they present a stippled appearance with gram-positive granules 
throughout In our experiments with S axireus^ we have observed that, under 
the influence of injubitmg concentrations of pemcilhn, the gram-positiveness of 
the cells fades out as the vacuolar matenal loses its other characteristic proper- 
ties, namely, positive reaction for dienols and the abihty to re tarn solutes 

A completely satisfactory physiological mterpretation of the mechanism 
of the action of pemcilhn on susceptible orgamsms, however, cannot be based 
solely on these simple observations involvmg evidence for the loss of the gram- 
positive reaction Any attempt to correlate sensitiveness to pemcilhn with 
staimng reaction must meet the objection that the gram-negative neissenas 
are pemcilbn-sensitive It should be recalled, however, that using a modification 
of the gram method, Verhoeff (1940) found he was “able to stain memngococci, 
in spite of the fact that they are gram-negative,” and that Me3^ck and Harrison 
(1942) developed a counterstain for use m the gram techmque, whereby the 
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gonococcus stains a much deeper color than any other gram-negative organism 
of this type usually present m smears '' A final and ultimate e\pIanation must 
await a companson of chemical distnbution patterns obtamed with vanous 
test orgamsms on assay plates and a general survey of the reactions of gram 
negative organisms to pemcillm, and especially a thorough investigation of the 
potentiation of pemciDm action toward gram-negatives through the concomitant 
effect of methionine and threonine, such as has been reported by Schwartzman 
(1944, 1945, 1946) 

In the work that has been leported m this paper and its two predecessors, 
color reactions obtamed m vanous regions of assay plates and in different parts 
of the bactenal cells have been interpreted m terms of physiological activity 
The possible interference of physical phenomena such as adsorption effects and 
surface effects or reactions with constitutents of the agar has not been over- 
looked, however (Dufienoy and Pratt, 1947) It is recognized that the over all 
results from expenmental data of the type we have presented express the inter 
action of physiological phenomena with physical phenomena which can be 
studied separately m terms of surface effects, differential adsorption, metachro 
matic staining, etc Although such phenomena have not been discussed in this 
work, they have been given sufficient consideration and examination in our 
laboratory to show that they do not prevent the recogmtion of the physiological 
events reported above 


SXmMARY 

Cytochemical and histochemical techmques have been apphed to pemcilhn 
assay plates according to methods described in previous reports 
Cells of Staphylococcus aurevs under the influence of bactenostatic concen 
trations of pemcilhn gradually lose their positive reaction to Gramms stain 
The loss of gram-positivity is correlated with changes m the character and 
distnbution of vacuolar matenal and with the previously reported shift of 
— SH to S — S at the threshold at the boundanes of the zones of inhibition 
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When Lehmann and Neumann (1896) first proposed the genera Corynehac- 
tenum and MycobacUnum, the former was mtended primarily for the diphtheria 
organism and the latter for the tubercle and leprosy organisms In recent 
years there has been a tendency to broaden both of these genera to include, on 
the one hand, almost any species showmg morphological irregulanty and, on the 
other, vanous gram-positive nonsporeformers even though showing little or no 
irregulanty in morphology The ongmal descnptions of these genera were very 
simple and mcluded only the following essential characters 
Mycobadenum Slender rods with some branchmg, acid-fast, colonies on 
agar, dry, wrinkled Type, M tuberculosis 
Corynebactenum Rods with ends often swollen and club-shaped, banded 
with alternate streaks of stam, sometimes developing filaments and true branch- 
ing (by implication non-acid-fast, although this charactenstic is not definitely 
mentioned by the authors until a later edition of their book) , growth on agar, 
soft and nonadherent Type, C diphthenae 
Vanous other characteristics have been listed by later authors for the genus 
Corynebactenum, the most important of which is the so-called “snappmg divi- 
sion” of the cells As this feature is diflScult to observe directly, it is usually 
inferred from the onentation of the cells as described by Kisskalt and Berend 
(1918), 1 e , a tendency to pile up in heaps, with palisade or V-form arrangement 
Stress on this characteristic by later authors has imdoubtedly been responsible 
for some imwarranted broadenmg of the genus, as orientation of this sort can 
often be observed and does not necessarily mdicate the type of cell division 
which IS supposed to be characteristic of CorynebacteriuTn 
As a matter of fact, broadenmg of the two genera has taken place m several 
directions until they have come to overlap Moreover, each genus has had 
species assigned to it which seem to differ more from other species in the same 
genus than does the type species of one genus from the type of the other This 
broadenmg has taken place along the following bnes 
Mycobadenum (1) The inclusion of all acid-fast forms, whether or not 
branchmg occurs (2) The mclusion of many branchmg forms (Krassdnikov, 
1934) whether or not they are acid-fast 

Corynebactenum (1) The mclusion of a rapidly expandmg group of ''diph- 
theroids,^^ 1 e , animal parasites which are gram-positive and show the type of 
onentation desenbed by Kisskalt and Berend, a few of these are anaerobic 
(2) The mclusion of certain gram-positive plant pathogens, following the lead of 
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Jensen fl934) (3) The inclusion (also following Jensen, 1934) of strongly 

aerobic soil bacteria or extremely irregular morphology, showing coccoid and 
branched forms as well as rods 

The authors’ mterest m these genera comes from the fact that one of them 
(Conn, 1928) descnbed under the name of Bactenum glohtforme an organism 
which appears as gram-negative, short rods m 24-hour agar slant cultures but as 
gram-positive cocci after the cultures are 3 to 4 days old Cultures of this 
organism have been sent to Krassilnikov and to Jensen, the former is sure it is a 
species of Mycobacterium, the latter that it is a Corynebacienum The latter 
opmion has been mdorsed by Lochhead, who, with one of his associates (Taylor 
and Lochhead, 1937, Taylor, 1938, Lochhead, 1940), has become one of the 
leadmg students of organisms of this type Their impression m the matter 
has been summed up by Lochhead (1940) m the folloivmg words “The charac 
tenstic Bact globiforme is now believed by us to represent a special group of 
the corynebacteria with distinctive cultural and physiological properties” 
When Bactenum globiforme was first descnbed, its author was not unaware 
of certain resemblances between this organism and either Mycobacterium or 
Corynebacienum, but it appeared different m so many ways from the type 
of either genus that the resemblances were regarded as probably superficial 
It w^as then named as a species of Bacterium because that genus was then re 
garded by the author as a grouping place for species whose relationships were 
not definitely understood Smce then, however, the conception of Bactenum 
has changed, and it is now usually defined so as to exclude an organism with 
morphology like that of the species m question 

It must be remembered that when this species was first described the idea of 
life cycles mvolving changes in morphology had not been fully accepted, and it 
took some courage to describe an organism appearmg as a gram-negative rod 
m one stage and a gram-positi\e coccus in another Furthermore, the old ideas 
of monomorphism were then so persistent that it did not occur to the author 
to make a suflSciently mtensive study of the organism to learn whether other 
morphological forms occurred m its life cycle 

Work on organisms of this type was dropped in the writers’ laboratory for 
several years It has recently been resumed with the object of comparing 
cultures of the Bactenum globiforme t3rpe with strams from other laboratories 
that have been named as species of Corynebacienum or Mycobacterium, with the 
hope of leammg how close the relationship between them may be 

EXPERIMENTAL WORK 

Mycobacterium Cultures 

No extensive study w^as made of soil cultures that could be regarded as species 
of Mycobacterium Four cultures, however, were obtamed from Jensen labele i 
respectively, Mycobacterium coeliacum, M convolutum, M ruhroperltnclumj 
and M crystallophagum No similar organisms were found among the availa 
collection of cultures isolated from local soils on ordinary media without spec 
enrichment technique An attempt was made to secure such' forms by isola ing 
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m media to A\hicli paraffin-coated pebbles were added, a technique which is 
regarded as favoring tlic development of acid-fasts, a few partially acid-fast 
organisms were found, but so late in the work that no careful study of them 
has yet been made 

Tlie four cultures obtamed from Jensen all showed a slight tendency to branch, 
although not so much variation m morphology was observed as in the organisms 
to be discussed in the folloi\ang pages Tliree of them were acid-fast, although 
M crystallophaguvi was not All four were gram-positive They all grew on 
Mueller^s tellurite agar (Difeo dehydrated), vath typical blackenmg All four 
grew on agar with ammonium phosphate as a sole source of nitrogen, and none 
of them showed diastatic action on starch 

The authors do not 3 ’'et feel their work on this group has been extensive enough 
to warrant an opinion where in the scheme of bacterial classification these 
organisms belong It should be remarked that certain students of the patho- 
genic acid-fasts (e g , Gordon and Hagan, 1936) regard soil acid-fasts as very 
closely related to the pathogens Accordingly it seems quite likely that Jensen 
has been entirely justified m descnbmg such forms as species of Mycobacterium 
It should be emphasized agam, however, that I&assihukov’s ‘'mycobacteria” 
(whose reaction to the acid-fast stam has never been described) do not seem 
to belong m the genus, but appear rather to be related to the t 3 q)es desenbed 
below 


Corynebactenum Cultures 

In order to learn how closely the soil bacteria of the Bacterium globiforme 
group are related to Corynebacienum, it seemed desirable to obtam a collection 
of cultures that have been assigned to that genus The followmg cultures, as 
representmg what other workers thmk should go in the same genus as the 
diphtheria organism, were obtained 11 cultures of animal and human parasites 
of diphtheroid nature obtained from P R Edwards of the University of Ken- 
tucky, W A Hagan of Cornell University at Ithaca, H E Morton of the Um- 
versity of Pennsylvania, M Frobisher of the Johns Hopkms Medical School, 
three strams of C helvoluwr and one of C iumescens (both soil organisms) from 
Jensen, and four plant pathogens that have been put m the genus — C flaccum- 
factens and C fascians from W H Burkholder of Cornell University at Ithaca, 
C poinsettiae from JVI P Starr of Brooklyn College, and C michtganense ob- 
tamed many years ago from Miss Bryan, then m the Department of Agriculture 
at Washmgton 

Animal diphtheroids The animal and human diphtheroids showed greatest 
Similarity to the type of the genus, Corynebactenum diphthenae These or- 
ganisms are comparatively constant in morphology, appearmg generally as 

^Jensen regards this species as synonymous with Zimmermann’s Bacillus helvoluSj 
renamed Corynebactenum helvolum by Kisskalt and Berend As there is no evidence that 
Jensen received any strain of Zimmermann’s organism for comparison, it is preferred here 
to think of Jensen’s C helvolum as an emendation of the earlier species which stands only 
if Zimmermann’s original organism can no longer be identified See descnption at the end 
of this article 
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rods, which are sometimes slightly wedge-shaped or club-shaped, although this 
morphological peculiarity is not ordinarily as pronoimced as m the diphtheria 
organism itself The palisade or zigzag arrangement of the cells is common, 
but truly branched cells have not been observed m the present investigation 
The organisms are ordinarily gram-positive, or if gram-variable, the tendency 
16 for the young cells to be positive, the older ones negative In physiology, 
the most stnkmg feature is inabihty to grow on any S3mthetic medium investi 
gated, a fact which indicates their need of some orgamc form of nitrogen, or of 
accessory growth factors, or both They do not hquefy gelatin or have any visi 
ble action on milk, but they are strong producers of acid from sugar 

Soil organtsms The soil organisms (Jensen’s cultures) proved distmctly 
different Their morphological variations are greater, as they often show true 
branching of the cells, frequently with comdiahke sphencal bodies on the ends of 
the branches, and often with the production of larger coccoid bodies (called 
cystites by Jensen) (See figures 2 and 3 ) They are gram-variable, and un 
like the animal diphtheroids (figure 4) their tendency is for the older cells to be 
more strongly positive than the younger The significance of this behavior to 
the gram reaction should be more carefully studied m relation to the present-day 
conceptions of the reaction as dependent on ribonucleic acid, but offliand one 
would say that there is a significant difference between species which tend to 
become gram-positive only m older cultures and those which tend to become 
less strongly so in older culture 

Another striking difference between Jensen’s “coiynebacteria” and the animal 
diphtheroids is their ability to grow on synthetic media, with ammonium salts, 
mtrate, or urea as a sole source of nitrogen, and without the addition of growth 
accessory factors They hquefy gelatin and digest milk, but show only weal 
production of acid from any sugar 

These differences appear to the wnters as bemg of sufficient significance to 
justify removal of Jensen’s species from the genus Corynehactenum Their 
Btnkmg morphology, however, is enough like that of Mycohadenum and possibly 
even of Nocardta (Jensen’s Proactinomyces), that they should be kept close to 
these genera rather than included m the Euhactenales ^ 

Plant pathogens The plant pathogens present a rather more complicated 
situation It has long been recogmzed that the gram-positive plant pathogens 
do not fit properly m the genus Phyiomonas, where several of them have been 
placed m the past, nor for that matter m any other available genus Jensen 
(1934) apparently was the first to place one of them definitely in Corynebacten^^ 
(i e , C mtchiganense) Dowson (1942) transferred two other species (previousl) 
Phyiomonas fasctans and P flaccumfaciens) to that genus This step baling 
already been taken by earlier writers, it was natural for Starr and Pirone (19^/ 

* It should be observed that some recent classifications (e g , in the forthcoming fiuti 
edition of Bergey^s Manual) place Corynehactenum in the Euhactenales, Mycohacienunt 
the Acixnomycetales This arrangement, however, does not agree with the writers opi 
as to the actual relationships of the organisms See the section of this article on taxono 
considerations 




Figs 1-4 Sketches to Show Pbbvailing MoRPHOLOGicAii Ttpes on Agab 
AND IN Liquid Media, in 1- and 4*Dat Cultubes 
Fig 1 Arthrohacter glohtforme Fig 3 Arthrobacter tumescens 

Fig 2 Arthrohacter helvolum Fig 4 Corynebactertum equt 

ADe mdividual sketches are arranged in rows as follows Row A, 24-hour agar slant cul- 
hV ^ agar slant culture, Row C, 24-hour culture in sauerkraut glycerophos- 

pnate medium, Row D, 4-day culture in sauerKraut-glycerophosphate medium Prepara- 
nons shown m rows A and B stained with crystal violet, those in rows C and D with 
•Demands -Congo red method 


OH descnbing a new gram-positive species of a plant parasite {Phytomonas 
Voin^eiiiae) to suggest that it might also be placed in Corynebactenum The 
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present writers have obtained cultures of all four of these organisms to see 
whether they are related to any of the other species that have been placed in the 
genus, and if so to which ones 

Briefly, the writers’ conclusions are that all four species (with the possible 
exception of Corynehactenum michzganense) show such differences, both mor 
phologically and physiologically, from the type of that genus, that they clearly 
belong elsewhere In fact, they show such differences am6ng themselves that 
perhaps they do not all belong m the same bacterial genus Physiologically 
these plant pathogens seem to stand between the animal diphtheroids and the 
soil forms mentioned above they grow on synthetic media, but their proteolytic 
action IS weak or absent In morphology they differ so much from one another 
that further discussion is necessary 

Corynehactenum mtchtganense is definitely a nonmotile, gram-positive rod, 
most nearly like typical diphtheroids of any of the four, although it shows but 
slight tendency to develop club-shaped forms or other irregularities of mor 
phology Like the animal diphtheroids, it does not liquefy gelatm, and in fact 
shows enough similarity to the latter so that Jensen’s transfer of this species to 
Corynehactenum may perhaps be justified 

Corynehactenum fasctans is a nonmotile, gram- variable rod, with a tendency 
to be more strongly gram-positive in young culture than m old Although it 
shows very little morphological vanation, it has an appearance on agar slant 
(dry and yellowish) which strongly suggests relationship to some of the Actino- 
mycetaceae (certam Nocardta species, for example) As it is slightly proteolytic, 
it IS less like typical Corynebaciena forms than the precedmg species Its in 
elusion m the genus is at least questionable 

Corynehactenum potnsetitae and C flaccumfaezens are also yellow chromogens, 
they are both gram-positive, but are motile with smgle polar flagella The latter 
species often shows sickle-shaped cells with a smgle, unusually long flagellum 
at the pole, and one w^ould place the species imquestionably m Vtbno if it vere 
not gram-positive The mclusion of these forms m Corynehactenum is highl} 
dubious The genus is typically one of nonmotile species, and there is little, d 
any, justification for including types with polar flagella Such a statement, 
however, need not reflect on those who proposed placmg them m Corynebac 


ienum, Jensen, as just showm, has good justification for transferrmg Phylomonas 
mtchiganenszs to Corynehactenum ^ and Dowson as well as Starr and Pironc 


could pomt out close resemblances between that species and the other gram 
positive plant pathogens Nevertheless, C poinsettiae and C flaccumfactens 
are distmctly different from the tjqncal Corynehactenum species, on the one 
hand, and from soil forms (as typified by Jensen’s cultures), on the other Tbe 
present writers hesitate to say just how they should be placed, further study o 


the question seems mdicated 


Cultures from Local Soil 

To compare with the above-mentioned cultures obtained from other 
tones, some 32 strams of organisms like Bactertum globiforme m morpbologf, 
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isolated from local soils, ^^crc studied Included among them were 14 strains 
that had been earned m stock for years, the rest were fresh isolations In 
companng these with the cultures from other laboratories it was desired to see 
whether they belonged in Mijcohactcmm (after ICrassilnikov) or in Coryne- 
baclcnum (after Lochhead and Jensen), or if m neither, w^here they should be 
placed ta\onomically 

A bncf study wtis enough to convince the writers that acceptance of Ifrassilni- 
kov’s conception is out of the question These cultures can scarcely be called 
Mycobaclcnum, chiefly because they show no evidence of acid-fastness Also, 
they show rather more tendency to branch than typical members of that genus, 
m this they somewhat resemble Nocardta m morphology, but differ from it in 
having smooth, soft growth on agar (like ordinary bacteria) rather than the diy, 
wnnkled growth suggesti ve of the tubercle organism The fact that ICrassilnikov 
called a culture of Baclcnum glohiforme a species of Mycohactenum^ whereas 
Jensen states that the same culture belongs m Corynehaclenumj is strong evi- 
dence that the former's Mycobaclcnum is equivalent to the latter's Coryne- 
hactenum Jensen's conception seems more acceptable than Krassilnikov's 
As a matter of fact, the similarity of the cultures isolated from local soils to 
Jensen's Conjncbacicnum lielvolum is so great that careful study was needed to 
show that there really are distinct differences 

Morphology Practically all the cultures selected for this comparative study 
showed the morphological growl/h cycle on agar which has been desenbed in the 
past as characteristic of Baclcnum globtformCf and is illustrated by the photo- 
micrographs of Conn (1928, p 6) as well as by sketches lA and IB in this paper 
Bnefly, it may be said that the organisms appear as gram-negative rods in 1-day 
culture, and as prevailmgly gram-positive cocci in older cultures This particu- 
lar type of morphology is chiefly characteristic of agar slant cultures In liquid 
media the rods tend to elongate and branch, as shown in figures IC, ID, and 5 
These branchmg forms are most easily shown by the Benians' negative stam, 
using Congo red turned blue by treatment wuth acid, wnth this technique the 
apparent diameter of the cells is smaller than when they are positively stained 
m dry condition, a difference that shows in the sketches of figure 1 Sometimes 
m liquid cultures about 24 hours old, the nodes of these branched forms appear 
swollen, and when a gram stain is made of such cells, the swelling proves to be 
due to a gram-positive coccoid body at the node, the rest of the cell being gram- 
negative (see figure 5) According to Krassilnikov (personal correspondence) 
these structures are actually germinating spores In older hquid cultures similar 
coccoid bodies seem to be borne like conidia on the ends of the branches, and it 
can be shown that these are also gram-positive It is still uncertain whether 
both of these types of spherical bodies are identical, or whether they are the same 
as the coccoid forms which show m older cultures on solid media Krassilnikov s 
mterpretation of the matter, on examination of cultures from this laboratory , 
is that the organism goes through a regular life cycle coccoid ait-hrospores, 
germinating forms with several branches radiatmg from the remams of the spore, 
long rods with a tendency to branch, shorter rods, and finally by a process of 
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further shortening, the breaking up into coccoid arthrospores No actual demon 
stration of such a life cycle has been made here, and clearly no such cycle does 
occur on agar where only rods and cocci are observed Moreover, if the forms 
shown m figure 5 are merely germinating spores, it is diflSicult to explain how the 
remains of the spore can retam its gram-positive nature whde the rods developmg 
from it are gram-negative Furthermore, although these forms are observed 
regularly m the cultures regarded here as typical of what has been called Bqc 
ienum glohiforme, other types apparently closely related show no stages except 
the rods (more or less elongated and more or less irregular m shape) and the 
cocci Another guess, which is probably as justified as that of Krassilnikov^s, 
IS that the comdialike bodies formed at the ends of the branches are the same as 
those seen on old agar slants, whereas those formed at the nodes (which are 
somewhat larger) are another type of spore similar to what Jensen calls cystites, 



Pig 5 Arthbobacter globifobme, 24-Houb Culture in Sauerkraut 
Glycerophosphate Medium, Stained by the Gram Method 
Gram-negative structures are shaded, gram-positive structures are solid 

It will be seen from figure 2 that the morphology of Jensen’s Corgnebactenum 
helvolum is similar The chief difference is the occurrence of the larger spherical 
bodies (''cystites”) and the persistence of some rod-shaped cells m old agar 
cultures Jensen’s C iumescens is quite different (figure 3) No other culture^ 
of Jensen’s have been available to the authors, but the illustrations m his paper 
make it evident that C helvolum is the one showing the greatest morphological 
similarity to what has been recognized here as ^^Bactenum globiforme ” Culture? 
exactly agreeing with Jensen’s have not been isolated from local soils 
Physiology When organisms havmg this type of morphology were first 
recognized, it was realized that they showed httle difference among themselve? 
m physiology, but as nearly all the physiological characteristics were negatnc 
ones (except gelatm hquefaction, which was always positive), it was not fek 
that this apparent simdanty was significant One positive characteristic wa^ 
the production of small amounts of acid on S 3 mthetic media Jensen 1^}'= 
considerable stress on this, m fact he regards his organisms as distmctly different 
from Bacterium globiforme^ because he finds low pH values in carbohydrate medi^ 
inoculated with Corynebaclenum strains, whereas Bacterium globiforme has been 
descnbed as producmg little acid It should further be mentioned that it ^ 
thought at one time m this laboratory that cultures of this organism could W 
separated mto two species, one producmg acid from lactose, the other 
to do so Subsequent work has shown that none of these differences arc o 



significance All of the forms under consideration, regardless of whether they 
arc called Corynchadcnxiviy Bacterium globtforme, or some other name, can show 
low pH values after growth on nonbuffered carbohydrate media It is felt, 
however, that because of the small amount of actual acid (probably largely 
CO 2 ) indicated by the pH changes in the absence of buffer, and because of 
variations observed m the same cultures on repetition of the tests, such acid 
production is of no significance and is certamly of no value m the separation of 
species in the group 

Taylor (1938) divides his cultures (all of which he regards as representatives 
of Bacterium glohforme) mto two types typo I utilizes either NO 3 or urea as a 
sole source of nitrogen, but type II does not grow on a medium containmg either 
of these nitrogen sources, glucose, and mmeral salts The present writers have 
observed no such distmction All of the cultures they have found ahowmg the 
typical morphology described above grow m media having no mtrogen other 
than one or the other of the two compounds m question This either means 
that no representatives of Taylor’s type II have been found locally or that the 
distmction observed by him has failed to appear under the writers’ conditions 
It should be remarked that among all the cultures studied here, Jensen’s Coryne- 
haclertum iumescens is nearest like Taylor’s type II, but it proves, when m 
vigorous condition, to be able to utihze either NO 3 or urea nitrogen 

Another charactenystic of the organisms that was at first thought to be of 
value for classification is the reduction of mtrate to mtrite Eecent mvestiga- 
tion, however, indicates that all the organisms of this group do reduce nitrate 
and that mtnte production can be detected if a synthetic medium of the nght 
consistency is employed (Dimmick, to be published) 

At one tune m the course of the investigation it was hoped to make use of 
bacteriophage typmg as a means of separating species from one another m this 
group This method had, in fact, proved to have value m classifying certam 
other soil bactena (Conn, Bottcher, and Randall, 1945) It did not, however, 
prove adaptable to the group under mvestigation, either because of lack of 
specificity m the bacteriophage, or because of easily developed resistance by the 
bactena, or both It was accordmgly given up as a entenon for classification 

Recent study has shown one biochemical test which may be constant enough 
to separate the cultures mto two groups — diastatic action on starch If this 
characteristic proves constant on further study, a new species must be made for 
those forms which do not show such action Also there are some cultures that 
are yellow chromogens and that may be a distmct species Because of the ex- 
treme variability m physiology shown by these organisms, however, no such 
species are made at the present time 

TAXONOMIC CONSIDERATIONS 

As explamed above, it is felt that Jensen was mistaken m placmg such forms 
m the genus Corynebactenum, because there are strikmg differences between these 
organisms and the type species of this genus (the diphtheria organism) Mor- 
phologically, however, they show greater similanty to Mycohacienum and Coryne- 
bactenum than to eubacteria Undoubtedly, therefore, they belong m the 
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Mycobacienaceae, m spite of certain morphological resemblances to Nocardia 
(Proacltnomyces) There does not seem to be any genus which exactly fits 
them m any present system of bacterial classification 
The wnters propose for this purpose to revive, by emendation, an old name, 
Arthrohacter Fischer (1895), which as ongmally proposed nas a nomen nudum, as 
no species were named and it was subsequently abandoned even by its author 
It 13 not mappropriate for the present purpose, as it was defined by Fischer as 
mcluding all nonflagellate, rod-shaped bacteria which produce “arthrospores” 
as recognized by DeBary Just what DeBary’s arthrospores may have been is 
not certam, and Fischer later expressed some doubt as to their actual nature, but 
as the term has been recently revived as a possible name for the conidialike bodies 
observed m the bacteria now under consideration, an emendation of Fischer’s 
name to apply to them seems permissible 
To discuss the relation of this emended genus to Myeobactenum and Corynebac- 
tenum, certam general pomts of bacterial classification must be considered In 
this the writers prefer to follow the classification given m the fifth edition of 
Bergey’s Manml, rather than that which is to be used m the forthcommg sixth 
edition This choice is made, first, because the latter classification has, at the 
time of writmg, been distributed only m mimeograph form and, secondly, because 
m the groupmg to be employed m the sixth edition, Corynebacienum is placed in 
the Eubactenales and Mycobacterium m the Achnomycetales, and the wnters prefer 
to regard these two genera as closely related Accordmg to the fifth edition of 
Bergey’s Manual, the differences between these groups may be defined as follows 
A Simple and undifferentiated forms, without true branchmg Occur as spheres, 
short or long straight rods, or as curved rods Eubactenales 

B Cells rod-shaped, clubbed or filamentous, with decided tendency to true 
branchmg Conidia may be formed Actinomycetaks 

I Rods, or filaments with only slight branchmg True conidia not formed 

Mycobaclenaceae 

II Filamentous forms, often branched, sometimes formmg mycelia Conidia 
often present Actinomycetaceae 

The family Mycobactenaceae, as described above, may m the writers’ opmiou 
be divided into at least the following three genera 

I Aerobic slender rods, nonmotile, wholly or partially acid-fast, gram-posi 
tive, sometimes clavate or cuneate, or occasionally with rudimentaiy 
branchmg Many species pathogenic to animals 

Myeobactenum L and N 

II Aerobic to microaerophilic rods, ordinarily nonmotile, non-acid-fast, 

gram-positive (most strongly so in yoimg culture) , cells often irregularly 
shaped, cla\ate, cuneate, or wnth rudimentary branchmg, often beaded or 
barred Ordmanly require organic nitrogen, growth accessory factors, or 
both, typically animal parasites, but some dairy forms, possibly some 
plant pathogens* Corynebacterium L and b 

If all but the animal parasites ("diphtheroids”) are removed from this species, 
authors can see no objection to its transfer to the Eubactenales, as proposed for the eii 
edition of Bergey's Manual 
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III ‘strongly aerobic forms, sho\\mg rather complicated morphological life 
cycles, including rods, cocci, clubs, and branched forms, non-acid-fast, 
grain-TOriable ( 30 ung cells usually negative, the older cells, especially 
those in coccoid form, usually positive), able to hve on morganic mtrogen 
inthout added growth accessory substances, typically soil organisms 

Arthrohacler, Fischer, emend 
The last-named genus can be charactenzed as follows 

Arihrohaclcr Fischer, emend 

Morphology Varied, with a tendency to go through a more or less definite life 
c} cle, the most characteristic features of which are gram-negative rods in yoimg 
cultures and gram-positue coccoid forms (arthrospores?) m old cultures, with 
intermediate stages that may be clubs, branched forms, or short unbranched 
filaments Large (1 to 2 p) sphencal bodies are sometimes observed which have 
been termed '‘c^’^ites 

Cultural charactcnehcs GroT\’th on surface of sohd media soft and smooth, 
not dry and VTmkled or hard and leathery, as ordinarily in Mycobacterium and 
the Actinomycetaccae Colomes on poured plates ordmanly small (punctiform) 
Growth m broth usually slou and never profuse 
Physiology Can ordinarily use either ammomum salts or nitrates as sole 
sources of nitrogen Can utilize glucose and sometimes other sugars as sources 
of carbon and energy, but ordmanly without producmg sufficient quantities of 
acid to ha\ e appreciable effect on the pH of highly buffered media (e g , contam- 
mg peptone) Gelatm usually slowly liquefied Ordmanly cause blackenmg of 
Mueller’s tellunte agar 
Habitat Pnmanly soil 

Type species A globtforme (Conn) Conn and Dimmick 
It seems possible at present to recognize three species 

Species 1 Arihrobacter globiforme (Conn) comb nov {Bacterium globtforme. Conn, 
1928, Achromobacter globiforme, Bergey et al , Manual, 3d ed , 1930 ) See figure 1, 
A to D 

Rods m young standard agar culture of fairl}’’ regular morphology, 0 6 to 0 8 by 
1 0 to 1 5 # 1 , becoming (after 2 to 4 days) cocci of about 0 6 to 0 8 /x, branchmg 
forms with similar cocci and also large sphencal bodies (1 to 2 p) m hquid media 
Growth Vigorous, cream colored (never lemon yellow), on standard agar or on 
S3mthetic agar with ammomum salts, mtrate, or urea as the sole source of nitro- 
gen Diastatic action on starch agar (Further charactenzation as given m 
Bergey's Manual ) One of the most abundant organisms m local soil 

(It IS possible two other species can be recogmzed, one diffenng from the fore- 
going species m producmg lemon yellow on agar, the other m failmg to show dias- 
tatic action on starch No names are bemg assigned to them, however, until the 
constancy of the differences has been proved ) 

Species 2 Arthrobacter helvolum (Zunmennan), emend Jensen, comb nov 
{Bacillus helvolus, Zimmerman, 1890, Corynebactenum helvolum, Zisskalt and 
Berend, 1918, emend Jensen, 1934 ) See figure 2, A to D 
The three cultures on which this mterpretation of the species is based were 



302 


H J CONN AND ISABEL DIMinCK 


[voL 54 


secured from Jensen It is not at all certain that they are the same as Zimmer- 
man’s organism Coryneiactenum helvolum Kisskalt and Berend, however, was 
based on a culture received from Zimmerman, and it seems difficult at present to 
learn just what species it may have been The present wnters, therefore, prefer 
to regard Jensen’s descnption as an emendation Based on Jensen’s cultures, 
the species has the foUowmg distmctive charactenstics 
Morphology Similar to A globiforme m young agar slant culture, older cul- 
tures appear as mixtures of rods, small cocci, and the larger sphencal bodies, 
never appeanng as though a pure culture of a micrococcus, as is t3^ically the case 
with the foregomg species, m hqmd media, appearance is similar to that of A 
globtforme Growth on standard agar , usually lemon yellow, although sometimes 
merely cream color Moderately strong to weak diastatic action on starch 
This species has not been foimd m local soil 
Species 3 Arthrobacter tumescens (Jensen, 1934) cornb nov {Corynebacienum 
iumescensy Jensen, 1934) See figure 3, A to D 
Morphology on standard agar slant similar to that of A globtforme, but rods 
m young cultures are more irregular, m hqmd media the branchmg forms are 
rare or absent Nonchromogenic No growth on tellurite agar No diastatic 
action on starch Growth rather scanty on either standard or synthetic media 
This species seems to be somethmg like the t3q)e II of ^^Baciertum globtforme'^ 
recogmzed by Taylor (1938), although it apparently utihzes urea and NOj 
nitrogen It has not been found m local soil The descnption is based on a 
smgle culture obtamed from Jensen 

Possible Other Spectes 

Jensen places two other species {Corynebadertum cremmdes and C tnstdtosum) 
m the same group with the last two species named, a group which is charactenzed 
by great morphological irregulanty He claims the two species to be 83monyins 
of Bodertum cremmies Lehmann and Neumann, and of Aplanobacter tnstdtosum 
McCulloch The present wnters have never received cultures of these forms and 
do not know whether they should be placed m Arthrobacter, accordmg to Jensen’s 
descnptions they seem to be closer to this genus as here defined than they do to 
true Corynebadertum 


CONCLUSIONS 

There has been a tendency withm the last ten or fifteen years to place certain 
soil bacteria and plant parasites m the genera Mycobadertum and Corynebacle- 
rtum, this practice seems to have started independently with Krassilnikov and 
Jensen in 1934 

The present study has made it evident that Krassihukov^s Mycobacterium is 
the same as Jensen’s Corynebacienum and is not acid-fast Partially acid-fast 
organisms, apparently related to Mycobactenum, do occur m soil, but as the> do 
not seem to make up part of the predominant soil fiora, they have not been id 
eluded m the present study 

Special attention has been given to forms found in local soils that are similar to 
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Jensen’s group I of Coryncbacimvm (^\hlch show much morphological \anation 
and which ho claims are most closel}” related to the diphtheria organism) It is 
clear that among these forms should be included Bacterznm glohijormc Conn It 
IS also e\ident that the}’’ differ so much from Corynchacicnum diphihenae that, 
although probabl}^ related to it, they scarcel} belong m the same genus For this 
group of species the name Arlhrobaclcr, emended from A Fischer, is here pro- 
posed, wath Arihrobaclcr globiformc (Conn) comb iiov as the type 
A less intensive stud} has been made of the plant pathogens that have been 
placed in Coryncbacicrtinn It is concluded that Corynebactenum zmehtganenhe 
ma} well belong m that genus, but the inclusion there of C fa^cians is question- 
able, C flaccumfacicns and C ponisciiiacy howe\er, should not hdve been placed 
in it, chiefl} because they are motile, with a single flagellum at one pole 
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The possible significance of impurities m the chemotherapeutic action of peni- 
cillin was first suggested by Comman (1944) and by Lewis (1944), who observed 
that impure but not pure penicillin possessed a selective lethal action against rat 
and mouse sarcoma cells 

Dunham and Rake m 1945 demonstrated that nnpure penicillin exerted a defi- 
nite effect on the motility of Treponema pallidum^ whereas crystallme penicillin 
had no such actmty 

In 194G Smith show ed that germination and root growth is retarded by impure, 
and not by crystallme, penicillin and stated that the indole-3-acetic acid and 
phenylacetic acid present m irapuie penicillins are responsible for this effect 

In a recent communication (Hobby ci al , 1946), the comparative efficacy of 
four forms of purified penicillin and random samples of impure penicillin was 
described On a unitage basis, (CDgo), the relative chemotherapeutic efficacy of 
penicillms X, chhydro-F, G, F, and K w^as on the order of 500, 143, 100, slightly 
less than 100, and 60, respectively The values for penicillin F w^ere obtained 
with a preparation wduch contamed impurities, the action of which was not 
known 

All of the samples of commercial penicillm tested were three to five times more 
effective than crystallme penicillin G in protecting mice against experimentally 
produced hemolytic streptococcal mfections The protective action exerted by 
these impure penicillms w’-as of the same order regardless of the unitage per milli- 
gram, or the value of the Bacillus suUths, Staphylococcus aureus differential ratio 

In a senes of exiienments carried out simultaneously with those reported m the 
present paper, Welch, Randall, and Price (1947) have confirmed the fact that 
impure preparations of penicillin are more effective than crystallme penicillm G, 
and m addition have demonstrated that the action of crystalline penicillm G 
may be enhanced by the addition of penicillm impunties 

EXPERIMENTAIi PROCEDURES AND RESULTS 

The present study was undertaken in an attempt to confirm and extend the ob- 
servations previously reported from this laboratory (Hobby et al , 1946) and to 
determme, if possible, the factors responsible for the greater activity of impure 
preparations of penicillm 

Method Throughout this study all comparisons were made by means of 
mouse protection tests, usmg the standard procedure previously described 
(Hobby et al , 1946) Unless otherwise specified, Streptococcus hemolyticus, strain 
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C203Mv, or Diplococcus 'pneumoniae^ strain 1/230, was used as the infecting 
organism One ml of 10^, 10”^, and 10^’ dilutions of a 14-hour rabbits’ 

blood broth ciilture was injected mtrapentoneally mto each of a senes of 18- to 
22-gram white mice A minimum of 10 mice per dilution of culture was used m 
each senes Treatment was started exactly hours after the infecting dose 
The penicillm was admmistered subcutaneously m 90 per cent peanut oil Forty 
per cent of the total dose was administered 2| hours, 40 per cent 7 to 8 hours, and 
20 per cent 24 hours after mfection Treated animals were observed for a penod 
of 14 days A control senes of untreated animals was mcluded m each day’s 
experiment The untreated infection was uniformly fatal withm 48 hours in the 
case of S hemolyticus, 96 hours in the case of D pneummiae 

Materials used ^ Throughout this study crystalline penicillm G havmg a po 
tency of 1,634 umts per mg, by the bioassay method, and a B subitltSj S aureus 
differential ratio of 1 0 was used The polanscopic assay of this preparation was 
1,635 units per mg Ultraviolet absorption indicated 100 per cent penicillm G 
The crystalline peniciUm K used showed a potency of 2,182 units per mg and a 
differential ratio of 0 36, the crystallme penicillm X, a potency of 1,069 units per 
mg and a differential ratio of 1 39, the punfied penicillm dihydro-F, a potency of 
1,675 units per mg and a differential ratio of 0 57 

The impure peniciUms used consisted of fractions recovered at various stages 
m the extraction of penicillm G The potencies of these vaned from 2 8 to 1,028 
units per mg, the differential ratio vaned from 0 62 to 0 92 

Action of crystalline and punfied penictllin in pneumococcal infections The 
chemotherapeutic effect of highly punfied or crystalline penicillms and impure 
penicillm on hemolytic streptococcal mfections m white mice has been reported 
previously (Hobby et al , 1946) In order to be certam that the difference ob- 
served between the actions of impure and punfied penicillins on this organism is 
not characteristic of a smgle organism only, similar experiments were carried out 
on a small scale, usmg D pneumoniae^ type I (stram 1/230), as the test organism 
The results are mdicated m table 1 

Considermg G as 100, the relative order of efficacy on a unitage basis for peni 
cillins X, dihydro-F, F, G, and K was on the order of 302, 180, 116, 100, and 63, 
respectively, on a CDeo basis, 204, 138, 100, 100, and 26 The impure prepara 
tion tested was more effective agamst the experimentally produced pneumococcal 
mfection than crystalline penicillm G The relative efficacy of impure penicillm 
to crystallme pemcillm G, on a CDso imitage basis, was on the order of 461 to 
100, on a CDfio umtage basis, 290 to 100 The relative efficacy of the vanous 
pemcdlins vras closely comparable with that previously reported by oursel^^ 

^ We are indebted to Dr H, PastomacL and Dr E V Bromi of the Department of 
search Chemistry of Chas Pfizer A Co for the preparation of the ciystalhne or punficu 
pemcilhns dihydro-F, G, and K used in this study and to Mr E J Goett of the Departmen 
of Research and Development, Chas Pfizer A Co , for preparation of the impure fractions 
We are further indebted to the Lederle Laboratories, Inc , for the preparation of crystal ine 
pemciUin X Analyses of the impure fractions were earned out b> Mr T Grenfell of t c 
Analj-tical Department of Chas Pfizer A Co 



(1946) and by Eagle and Mussclman (1946) for S hemolyitcus and by Eagle (1947) 
forZ) yncximoniac^ 

Comparative action of crystaUinc pcmctlltn G and impure pentctlhns in hemolytic 
streptococcal infections In view of the fact that impure preparations of penicdlm 
appeared to be more active than crystalline penicillm G, it seemed of interest to 
determine, if possible, the source and nature of the agent responsible for this 
phenomenon 


TABLE 1 

ChcmotherapctUtc aetton of vanous forms of pcmctlltn on pneumococcal tnfecitons (type I)* 

in mice 
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* Strain 1/230, pneumococcus type I A minimum of 10 mice was used for each dilution 
m each set One ml of a 10"’ dilution contained 1 to 10 lethal doses of pneumococci, 
10"*, 10 to 100, 10"», 100 to 1,000, 10-S 1,000 to 10,000 


Crystallme penicillm G and impure pemciUms from seven stages m the extrac- 
tion and recovery of crystalline penicillin G were tested for their relative efficacy 
m the control of experimentally produced hemolytic streptococcal infections in 
mice The total dosages used were 30, 60, 100, 150, 210, and 300 umts 
Four of the impure fractions of pemciUm tested preparations 4, 5, 6, and 7) 

* In a previous communication from this laboratory (Hobby et al , 1946), the relative 
efficacy against Streptococcus hemolyttcus, on a gravimetric (CDso) basis, was 127, 100, 57, 
and 40 for penicillins X, G, F, and E, respectively Eagle and Mussebnan (1946) reported 
260, 100, 60, and 9 for these pemcillins, respectively Recently Eagle (1947) reported values 
of 160, 100, 83, and 19 against pneumococcus, whereas the data above, on a CDno gravimetric 
basis, indicates a relative efficacy of 131, 100, 92, and 35 The differences undoubtedly 
indicate vanation in techmque of injection 







































Gbaph 2 The Combined Action of Cbtetaixine Penicilun G and Impure 
Penicilun on Hemolttic Streptococcal Infections 


When 100 units of crystalline G were used, in combination with 0 83 mg of im 
pure penicillm, the resultant protection was again greater than could be obtained 
from either the amount of crystalline G or the amount of impure pemcillm 
present Likewise, the percentage of protection was greater than could be ob- 
tained with amounts of crystallme G equivalent to the total amoimt of actne 
pemcillm present m the mixture (graph 2) 

It was apparent from these experiments, therefore, that the action of crystal 
Ime pemcillm G could at tunes be enhanced by the addition of impure penicillin 
Effect of mixtures of crystalline penicillin G and inactivated impure pentcill^^ 
In subsequent experiments the effect of inactivated preparations of impure 
pemcillm on the activity of crystallme pemcillm G was determmed It ^ 
recognmed that pemcillm may be mactivated specifically by pemcillinase, which 
IS present m certam preparations of clarase A concentrated preparation o 










penicillinase, made by acetone and alcohol precipitation of clarase,* was used in 
the majority of the experiments One milligram of this enzyme as sufficient to 
inhibit completely the action of 2,000 units of penicillin In order that an excess 
of penicillmase might alwa}^ be present, 1 mg was used routinely for inactivation 
of each 1,000 xmits of penicillm For mactivation, penicillinase w as added to the 
solution of penicillin and the mixture meubated at 37 C for 4 hours At the end 
of this time samples were withdrawn and tested for potency b}’' the Oxford cup 
plate method Only preparations showing, at this stage, no active penicillin w ere 
used The mixtures were than heated at 80 to 85 C for 1 hour to destroy the 
penicillmase present MLXtures were stored on dry ice until potency results w ere 
available Samples were agam withdrawn for testing, after it had been ascer- 
tamed that all potency had been destro 3 nd, and 100 units of crystallme penicillm 
G were added to that amount of inactivated penicillmase mixture, which would 
contam 0 1 mg of penicillinase The mixture was incubated for 4 hours at 37 C, 
diluted, and agam tested for potency by the Oxford cup plate method Only 
those preparations of inactne penicillm which did not destro}’* any of the cr^’^stal- 
Ime pemcillm G were used 

Varying amounts of impure penicillin inactivated by penicillinase m this 
manner were mixed tn vitro with crystalline penicillin G The chemotherapeutic 
action of these mixtures of cr 3 ’'stalhne G and mactivated impure penicillin was 
tested m mice prcMousl}’' infected with hemolj’^ic streptococci, stram C203Mv 
Four of the impure preparations preMOusl}’' described (preparations 1, 5, 6, 7, see 
table 2) were tested The dosage used consisted of 100 units of crystallme G 
combmed with amounts of mactivated impure penicillin equivalent to that 
weight which had contained 100 units prior to mactivation One preparation 
(no 6) was also tested m amounts rangmg from 0 01 to 1 85 mg (0 54 to 100 units 
pnor to mactivation) Likewise, 25, 50, and 75 units of crystallme G were tested 
in combination with 1 85 mg of this mactivated impure penicillm (preparation 6) 

In view of the fact that prehmmary experiments had suggested that preparation 
1 was no more effective than crystallme penicillin G (table 2), larger amounts of 
this material, equivalent to 200 and 300 units prior to mactivation, were used 

One htmdred units of crystallme penicillm G, m combmation with that weight 
of preparations 5, 6, and 7, equivalent to 100 xmits prior to mactivation, w^ere 
sufficient to produce 90 to 100 per cent protection agamst hemolytic streptococci 
Preparation 1, which previously had been shown to be no more effective in the 
active form than crystallme penicillm G, likewise wns capable of enhancmg the 

* A suitable preparation of clarase, obtained from the TaLanune Laboratories i vras dis 
solved in water, 7 volumes of acetone were added, and the mixture was allowed to stand 
m the refngerator overmght The brown supernatant fluid was decanted, the precipitate 
was dissolved in distilled ^ater, and two volumes of 95 per cent alcohol were added The 
mixture was again cooled in the refngerator until precipitation was complete The mixture 
Was then centrifuged, the supernatant fluid discarded, and the precipitate redissolved 
lu distilled water Alcoholic precipitation was repeated three times or until a white, 
flocculent precipitate appeared The precipitate was dissolved in a small volume of water, 
frozen, and dried 271 vacuo this procedure a readil3 soluble and highl> active prepara- 
tion of pemcillinase was obtained 
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protective action of 100 units of crystalline G to 95 to 100 per cent when weights 
of the inactive material equivalent to 200 or 300 units, prior to inactivation, were 
used (graph 3) ' 

One hundred umts of crystalline peniciUm G, m combination with as little as 
0 01 mg of preparation 6 mactivated by peniciUmase, was sufficient to produce 
over 90 per cent protection agamst hemolytic streptococci As mdicated pre 
viously, 100 unts of crystallme G alone produced only 71 per cent protection 
(graph 4) 


Gbaph 3 



Etfect of Inactivated Impube Penicillin on the Chemothebapeutic 
Action of Crystalline Penicillin G (100 Units) 


Seventy-five units of crystalline G in combination vnth 1 85 mg of mactnated 
impure pemciUm were adequate to produce 86 per cent protection, whereas 75 
umts of crystallme penicillin G alone would be expected to produce only 69 per 
cent protection Fifty units of crystaUme G in combination ^^th this amount of 
mactivated impure pemcillm produced 72 per cent protection as compared to 62 
per cent with crystallme G alone On the other hand, 25 units of crystalline G 
combmed with this amoirnt of mactivated impure penicillin produced the same 
degree of protection as would be expected wnth ciystalline G alone The degree 
of protection due to the cr}’’stalline pemcillm G, therefore, was mcreased 10 to 27 
per cent by the addition of smtable amounts of mactn e impure pemcillm Con 
trol experiments usmg 1 24 to 2 68 mg of mactnated impure penicillin alone 
mdicated that this material had no protective action itself (graph 4) 
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It N\ns npp^rcnt ilmt the protective 'iction of cr3^stallme G was enhanced by 
the addition of imcln aied impure penicillin as veil as the addition of active 
impure penicillin 

Effa i of pcmalhn degradation products on crystalline pemcilhn G In the inac- 
tivation of penicillin b}’* penicillinase, a marked increase in the degradation prod- 
ucts present in these impure preparations naturally occurred Attempts were 
therefore made to test the efTcct of these substances on the activity of crystalline 
penicillin G in vivo 

Crystalline penicillin G was inactivated b}'- penicillinase, heated to destroy the 
enz37ne, and tested m the manner previously described for impure pemcillm 



Graph 4 Effect op Inactive Impure Penicillin on the Chemotherapeutic 
Action of Crystalline Penicillin G 


There was no mdication either that any active penicillin or that any active pem- 
ciUinase remained This inactive form of penicillin was then made up to its 
Original potency by the addition of active crystalhne pemcillm G and the resultant 
mixture tested for its chemotherapeutic action agamst hemolytic streptococci m 
mice There was no enhancement of the action of cr 3 ^stalline pemcillm G In- 
deed, the results suggest that these degradation products may even decrease the 
action of crystalline G 

In view of the possibility that small amounts of residual active enzyme might 
have been present in these experiments, further studies were earned out with 
crystalline pemcillm G that had been inactivated by alkah Agam there was no 
enhancement of the action of cr 3 ’'staUme G 
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Preliminary experiments with a preparation of crystallme G high in penid 
Imic acid have suggested that this substance not only plays no part m the en 
hancement of crj^tallme pemciUm G, but may possibly decrease the eflScacy of 
pemcillm Previous data have mdicated that phenylacetic acid likewise is 
probably not correlated with the factor responsible for the enhancement of 
crystallme pemcillm G m mtro (table 2) 

No attempt has been made to evaluate the effect of each of the degradation 
products of crystallme pemcillm G Those formed by alkalme or enzymatic mac 
tivation of this form of pemcillm, as well as pemcillimc acid and phenylacetic acid, 
however, appeared to have no ability to enhance the action of ciystallme peni 
cilhn G 

Effect of znachvaled pentcilhnase on cn/stalhne 'peniciUin G Smce large 
ajmounts of eD 2 yme were used m the mactivation of the impure pemcillm, the pos- 
sible effect of this substance on the activity of crystallme pemcillm G was of 
mterest Protection studies were therefore made of mice infected with hemolytic 
streptococci and subsequently treated with crystallme pemcillm G combmed with 
varymg amounts of the preparation of pemciUmase used above In each case the 
enzyme was heated at 80 to 85 C for 1 hour and then tested, before bemg used, to 
make certam that no activity remamed Dosages consistmg of 100 units of 
crystallme G combmed with 0 00054 to 0 10 mg of mactivated pemcillinase pr^ 
pared from clarase and 100 umts of crystallme G combmed with 0 54 mg of a 
preparation of mactivated pemciUmase made from BaciUus sp ^ were tested 

As httle as 0 054 to 0 10 mg of the inactivated peniciUinase prepared from 
clarase was suJEciait to mcrease the protective action of 100 units of crystallme 
pemciUm G from 71 per cent to 88 to 90 per cent On the other hand, 0 64 to 1 0 
mg of the mactivated enzyme prepared from Bacillus sp enhanced the action of 
crystaUme G to only 78 to 80 per cent PemcUlinase itself, therefore, was prob- 
ably not entirely, if at aU, responsible for the effect The remarkable effect of 
smaU amounts of the preparation of pemciUmase obtamed from clarase suggested 
that some other substance must exist m clarase which is responsible for its 
activity (graph 5) 

Effect of cZaro^e on crydaUtne pentetUtn G Clarase, lot no 2404,* which con 
tamed no pemciUmase, was chosen for subsequent study Agam with hemolytic 
streptococci as the mfectmg organism, mouse protection studies were made In 
fected animals were treated subcutaneously wath 100 umts of crystaUme penicillin 
G combmed with 1 0 mg of clarase Under these conditions 100 imits of crystal- 
Ime G was adequate to produce 97 per cent protection One miUigram of clarase 
gave no protection 

It is apparent therefore that whereas the impure preparations of pemcillm are 
more effective than crj^tallme pemcillm G, and whereas the impunties from 

* We are indebted to Dr A J Laebmann of Scbenlej Corporation for the culture cS 
BactUw sp (no 569) used PemciUmase was prepared b> acetone and alcohol prccipjt^ 
Uonol broth cultures of this organism One milligram of the preparation used was sufEcicr 
to inactivate 100 umts of pemciUm • 

‘ Clause, lot no 2404, containing no pemciUmase was obtained through the courtesy 
W A McIntjTe and Dr Mildred Adams, Takamine Laboratories, Clifton, New Jers^J 



peniciUm can enhance the activity of crystalline G, the activity of penicillin can 
also be enhanced by other substances not normally present in impure peniciUm 
Concentrates of penicillinase prepared from clarase ^vlll produce such an effect 
Tliat this effect is probably not due entirely, if at all, to the penicillmase itself is 
implied by the fact that a preparation of clarase containing no penicillinase can 
similarly enhance the action of crystalline G, ^\hereas a preparation of penicilli- 
nase from another source has little effect 
Effect of inaclwatcd tinpurc 'pcmcillin on the chemotherapeiUtc action of penicillins 
X, dihydro-F, and K In ^^e^^ of the fact that the action of crystalline penicillm 



Graph 6 Effect of Inactivated Penicillinase on the Chemothebapeutic 
Action of Crystalline Penicillin G 


G could be enhanced by inactivated crude penicillm preparations, and m view of 
the fact that impure preparations of penicillin are also more effective than the 
other forms of penicillin, it seemed of mterest to determine whether or not one 
could demonstrate a similar enhancement of the activity of other peniciUms by 
impurities 

Impure penicillin, preparation 6, mactivated m the manner previously de- 
scribed, was again used An amount (1 85 mg) uhich had contamed 100 units of 
penicillm prior to inactivation was mixed with 100 units of highly purified penicil- 
lin dihydro-F, with 10, 23, and 40 imits of crystalline penicillin X, and with 100 
umts of crystalline penicillin K In addition, 3 70 mg of this inactivated prepara- 
tion were also mixed with 100 units of crystalline penicillin K These mixtures 
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were tested for their therapeutic action against hemol 3 dic streptococcal infections 
in the usual manner 

Under these conditions, 100 umts of pemcillm dihydro-F was adequate to pro- 
tect 86 per cent of mice agamst infection This preparation of dihydro-F, alone, 
in a dosage of 100 units, afforded only 75 per cent protection Ten, twenty-three, 
and forty umts of crystalline pemcillm X m the presence of inactive impure 
pemcillm gave 60, 100, and 90 per cent protection, respectively In the absence 
of impunties, one would obtam only 10, 34, and 62 per cent protection, respec 
tively, from this preparation of crystaUine pemciUm X With 100 units of 
crystallme pemcillm K, m the presence of an amount of mactivated impure 
pemciUin which had contamed 100 umts prior to mactivation, only 50 per cent 
protection resulted In the absence of impurities, however, this preparation of 



Gbaph 6 Effect of Inactive Impitbe Penicieun Pbepakations on the 
Chemothebapeutic Action of Chtstaelinb Penicillins X, Dihtdbo*F, 

AND K 


pemcillm K, m a dosage of 100 umts, gave only about 22 per cent protection 
Approximately 230 imits vould have been necessaiy to produce 50 per cent pro- 
tection The addition of a larger amount of mactivated impure pemcillm to thi^ 
preparation of crystalline pemcillm K did not further enhance its effectivenes= 

In a subsequent senes, 1 85 mg of mactive impure penicillin (preparation 6) 
combined with 60 umts of crystallme K produced 40 per cent protection, whercn*^ 
3 70 mg combmed with this amotmi of crystalline K gave 57 5 per cent protcc 
tion Sixty^ umts of K alone m the strain of mice used for this particular cxpcn 
ment vere capable of protecting only 25 per cent of the animals infected 
(graph 6) 

« This set of experiments vas conducted with a dififerent strain of mice from that 
for previous expenments The degree of protection due to CO umts of crjstalhnc pcnicii i- 
K in this strain was similar to that due to 100 umts in the strain of mice previousI> U 5 cd 



It IS apparent tlicrcforc tint under suitable conditions, the action of all of the 
penicillins fX, dih} dro-F, G, and K) may be enhanced by the presence of impun- 
ties The effect on penicillm K, ho\\evcr, is less regular 
Aclton of Tmxtnrcs of punfied or crystalline pentcilltns In view of the fact that 
many preparations of impure peniciUm contam, in addition to impurities, a 
mixture of the various penicillins, further studies were earned out to determine 
the effect of these penicillins on each other 
In preliminary experiments, a preparation of mLxed penicillms recovered from 
impure matenal was used This preparation (120) havmg a potency of 1,197 
units per mg and a B sabtilis, S aureus differential ratio of 0 95 was separated mto 
two fractions (1) a fraction containing a mLX'ture of penicillms and havmg a po- 
tency of 1,574 units per mg and a5 suhtzlis, S aureus differential ratio of 0 97 and 
(2) a fraction containing predominantly impunties and havmg a potency of only 
190 units per mg and a differential ratio of 1 03 All three fractions were tested 
for their chemotherapeutic activity In a dosage of 100 units, the ongmal prepa- 
ration and the fraction containing only 190 units per mg each protected 85 per 
cent of the ammals infected, whereas the punfied preparation of mixed pemciUms 
afforded only 46 per cent protection 

Although high in penicillm G, this punfied preparation contamed small 
amounts of pemcillms F, dihydro-F, and possibly K Analyses mdicated 91 per 
cent pemcillm G — the remainmg 9 per cent probably consistmg predommantly of 
dihydro-F, with not more than 2 to 3 per cent K The amount of penicillm X 
present was neghgible The amounts of these penicillins present were mcapable 
of enhancmg the action of the penicillm G 
In subsequent prelimmary experiments, mixtures of known amounts of highly 
punfied or crystallme pemcillms were tested Sixty imits of crystaUme G were 
mixed (1) with 20 units of dihydro-F, 19 umts of K, and 1 umt of X, and (2) with 
20 umts of dihydro-F and 20 units of K The chemotherapeutic action of these 
mixtures was greater than would have been expected from 100 units of dihydro-F, 
G, or K Indeed, it was as high as would be expected from 60 to 100 umts of 
impure pemcillm or of crystallme penicillm X No greater protection was ob- 
tamed with the mixture contammg 1 per cent pemcillm X, however, than with 
that completely devoid of X (graph 7) 

The prelimmary experiments described mdicated that whereas a mixture of 
penicillins, contammg dihydro-F, F, and G with a small amount of K and prob- 
ably no X, had no greater chemotherapeutic action agamst hemolytic streptococ- 
cal infections than crystallme G, a mixture contammg, m addition to crystallme 
G, 20 per cent dihydro-F and 20 per cent K was far more potent than crystallme 
G alone Whether the latter effect was due to the pemcillm K alone, to the 
larger amount of dihydro-F m the latter mixtures, or to the combmed action of 
dihydro-F and K could not be determmed from these data 
The combmed action of crystallme pemcillins G and K were therefore tested m 
a limited senes of animals Twenty units of crystallme penicillin K were mixed 
(1) with 40 units of crystaUme G and (2) ivith 60 units of crystallme G Sixty 
units of crystallme penicillm G were used as control 
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Sixty units of crystalline G afforded 72 per cent protection/ whereas the com 
bination of crystalline peniciUm G and K afforded 88 to 92 per cent protection 
It was apparent that crystalline penicillin K can enhance the activity of crystal 
line penicillin G and that the effect is greater than would be anticipated from the 
total number of umts present 

The effect of host susceptibility on penicillin dosage In the course of the expen 
ments descnbed above, an opportunity to observe the effect of alteration m host 
susceptibility on the penicillin dosage required to protect against hemolytic 
streptococcal mfections m mice presented itself 
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Gr^ph 7 Chemotherapeutic Action of Mixtures of pEmciuuN 


A spontaneous mfection due to an organism believed to be similar to Corynehac 
tenum mitnum, descnbed by Condrea (1930), developed throughout the mouse 
colony This infection w as benign in nature and at no time fatal to the spontane 
oush infected mice Shortly after the infection ^^as first observed, hovvever, it 
became apparent that this strain of mice was no longer as susceptible to hemo 
lytic streptococcal and pneumococcal mfections as in the past Although the 
mfections V ere still fatal to this strain of animals, death occurred slo\vly and, m 
the higher dilutions, less uniformlj Coincident with this shift m host susccpti 

* Owing to the fact that a strain of mice* diflfenng from that employed in the majont^ 
of previous experiments was used here, the percentage of protection due to €0 o 
cr>stalhne G differed shghth from that p^evlous]^ descnbed 
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bility, the amount of penicillin necessary to protect against such streptococcal 
and pneumococcal infections decreased markedly Whereas 250 to 300 units of 
penicillin G had previously been necessary to give approximately 90 per cent 
protection against hcmob't-ic streptococcal infection, 15 to 30 units of this same 
material were now adequate to produce this degree of protection Likewise 60 
imits of penicillin diliydro-F weie nov as effectiveas210units had previously been, 
and 30 units of a preparation of impure penicillin v ere as effective as 100 to 150 
units in the past Similarly the amount necessary to protect against pneumococ- 
cal infections m this strain of mice was lowered (graph 8) 
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Ghaph 8 Comparison of the Chemotherapeutic Action op Penicillins 
IN Mice of High and Low Susceptibility 


It was not possible durmg this time to demonstrate agglutmms or precipitms 
agamst hemolytic streptococci in the sera of these mice The serum did, how- 
ever, possess a marked antibacterial action against this group of orgamsms 
Zones of inhibition varying from 11 to 35 mm in size were observed with samples 
of imdiluted sera when tested against Staphylococcus aureus (H) by the Oxford 
cup plate method used for penicillm assays Normal sera showed no zones of 
inhibition The heatmg of samples of whole blood to 80 to 85 C for 2 hours, 
durmg which time coagulation of the red blood cells occurred, was sufficient to 
prevent diffusion of the active prmciple, although spot plate tests mdicated that 
it was still present m an active form The substance responsible for the anti- 
bacterial action was stable at 56 to 60 C for 2 hours, as indicated by the fact that 
the size of the zones of inhibition of Staphylococcus aureus was not decreased 
Streptococcus hemolyticuSy strain C203Mv, was mhibited in broth by one sample 
of pooled sera from these mice in dilutions up to 1 512, n^hereas pneumococci were 
inhibited by dilutions up to 1 1,024 and staphylococci by dilutions up to 1 128 
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As the infection m the colony regressed, newly bred animals of the same strain 
gradually regamed then ongmal susceptibihty to pneumococcal and streptococcal 
infections Simultaneously, the amount of pemcillm necessary to mduce protec 
tion approached the ongmal levels 

In \uew of the fact that a shift m susceptibility sufficient to alter the course of 
infection without producmg a complete immumty could cause such a marked 
change m the effective chemotherapeutic dosage, it seemed of mterest to compare 
several known strams of mice Four standard pure-lme strams were used 
Although the difference m susceptibihty was agam evidenced only by the tune 
necessary to produce death, a marked difference existed m the amount of penicil 
Im necessary to effect protection 


DISCUSSION 

Impure pemcillm is a more effective chemotherapeutic agent than crystal 
Ime pemcillm G against at least four microorganisms belongmg to different 
species It IS probable that such a difference may be demonstrable against 
a wide variety of organisms 

Dunham and Rake (1945), workmg with Treponema pallidum, first suggested 
that impure pemcillm may possess greater chemotherapeutic activity than 
cr 3 ^talline peniciUm G 

The differences m the action of the pure peniciUms m contrast to prepara 
tions of impure peniciUm was first discussed m detail m a recent communi 
cation from this laboratory (Hobby et al , 1946) Impure pemcillm was shown 
to be 3 to 5 times more effective agamst hemolytic streptococcal infections 
m mice than crystallme pemcillm G Indeed, such impure pemcillm was more 
effective than any of the five forms of purified pemcillm with the exception 
of penicillin X 

In the present report the same difference m activity has been demonstrated 
agamst pneumococcal infections m rmce Welch, Randall, and Pnee (1947) 
likewise have demonstrated recently a similar effect agamst infections due to 
Eberihella typhosa, and Rake, Dunham, and Donovick (1947) have confirmed 
their ongmal observations on Treponema pallidum and have extended them 
to mclude the action of impure and pure pemciUins on pox viruses grown m 
the chick embryo 

The substance responsible for the greater activit}’' of the impure penicillms 
m the streptococcal and pneumococcal infections is present in the ongmal fer 
mentation hquors and may be recovered, dunng the punfication of penicillin, 
m those fractions m which pemcillm G is reco\ ered It does not crystallize 
with pemcillm G, however It is relatively heat-stable Preliminary studies 
suggest that it is readily dialyzable Onlj small amounts are necessary to cn 
hance the activity of crjntallme pemcillm G As indicated by the data of Welch 
el al , and also by ours, it is effectue on penicillins X, dih^dro-F, and K ns 
well as on pemcillm G 

It has been shown prenoush (Hobb} et al , 194G) that there is no correm 
tion between the presence of this factor and the source of the penicillin, il5 
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potency in terms of units per mg, or its composition as evidenced by the 
Bactllti^ suhhlts, Staphylococcus aureus differential ratio These facts have 
been amply confirmed by Welch and his associates (1947) 

That the more common degradation products probably are not in themselves 
responsible for enhancing the activity of crystallme penicillm G is suggested 
by the fact that enzjTnc- or alkali-inactivated crystalline G has failed to en- 
hance active crj^stalline penicillin G vhen mixed with it Likeivise, no corre- 
lation exists between the presence, in impure penicillins, of the substance which 
enhances chemotherapeutic activity and the amount of phenylacetic acid 
present A preparation of crj^talline G, high m penicillmic acid, has shown 
no greater chemotherapeutic efficiency than crystalline penicillin G itself 
That the factor which enhances the action of cr 3 ^tallme penicillm G in strep- 
tococcal and pneumococcal infections is not specifically correlated with the 
penicillm impurities only is suggested by the data presented in this communi- 
cation Certam apparentl 3 '' dissimilar agents may produce this effect The 
penicillmase used for inactivation of impure penicillin, as well as the substances 
normally present m impure penicillin, have the ability to mcrease the efficacy of 
co'stallme penicillm G The penicillmase used m these studies was prepared from 
clarase That the effect is not due to the penicillmase itself is mdicated by the 
fact that a preparation of clarase, contammg no penicillmase, was also highly 
effective, whereas a preparation of penicillmase from another source possessed 
little or no actmty Prelimmary experiments mdicate, furthermore, that cer- 
tam mixtures of penicillins are more effective than crystallme G alone and that 
crystallme penicillin K may enhance the activity of crystallme G 
Whether these enhancing substances act directly on the ciystallme peni- 
cillm or whether they produce their effect through an alteration of some mecha- 
nism withm the body is not known That the latter is true, at least m part, 
13 suggested by preliminary experiments m which mactivated impure peni- 
cillm was administered simultaneously with crystallme penicillm G but at 
different sites withm the body 

Tompsett, Schultz, and McDermott (1947) have recently demonstrated 
differences m the ability of the vanous peniciUms to be boimd by the albumm 
component of serum Whereas only about 50 per cent of penicillm G is bound, 
as much as 90 per cent of penicillm K may be boimd Clowes and Keltch (1946) 
have demonstrated, furthermore, that larger amounts of penicillin K than G 
are removed from solution when exposed in a Warburg apparatus to the action 
of vanous amounts of muscle or hver shces The effect of penicillm impurities 
or of penicillin K on the bmdmg action of crystallme penicillm G is not known 
The possible existence of an antibacterial agent effective ^1l luro, but not 
in miVQ, must be considered Esters of penicillm showmg such activity were 
described by Meyer, Hobby, and Dawson (1943) More recently Ramon, 
Richou, and Ramon (1946) have described a substance present m crude penicil- 
hns that possesses ^'antidotaP^ properties, and Miller and Boor (1947) have 
described protective action agamst certam bacterial endotoxms Smee the 
organisms used throughout this study elaborate a number of toxins, it is con- 



322 G L HOBBT, T P BEXEBT, AXD B HTilAX [vOL. Or 

ceivable tliBt a substance capable of neutralizing one or more of these czgLi 
enhance the protective action of crystalline penicillin 

The data presented herem are preliminary m nature Xeiiher the nsmr® 
of the enhancmg substance present m impure x>enicillm nor the mechaiLsn 
by trhich it acts has been detenmned. That one or more such substances C3 
exist seems imdoubtedly true That a variety of dissimilar substances, mdudrr 
ones not specific for impure penicillms may suoilarly enhance the action oi cnrtcJ 
Ime pemcillin G m streptococcal and pneumococcal mfections is su^es"ed It 
seems possible that the factor (or factors) responsible for this form of enhance- 
ment may difier m nature or m their mechanism of action from those respon- 
sible for the enhancement of the action of penicDlm on sarcoma cells, vaccna 
Tims or bacterial toxms 

The mdiTidual experiments described represent, m many instances cnh 
small numbers oi animals and, therefore are probably not biostanstiCiiBT 
vahd The total study hotrever, represents over 25,000 and radicate? 

a definite trend 

Dinerences m host suscepnbihty may alter the amount of pemcilhn necessary 
to protect against certain mfecnons The relative efficiency of the vanoc- 
pemcnims is therefore more significant th^-n the actual dosage necessary to 
tect An exact comparison oi the chemotherapeutic value of various agsit 
m ammals is probably possible onlv m pure-lme strains of relatively consrsri 
suscepnbihty 


COXCLT:SIO^'S 

As prenouslv reported impure pemcilhn is 3 to 5 times more efiective th^ 
ciystallme peniciUm G m protecting anTmal?; against expenmenfally produc^i 
hemolytic streptococcal mfections m mice The presence of this factor is re 
correlated ivith the potency m units per mg or vnth the BacUlus subfilis, 
ylococcus a jrcus diSerennal ratio Likewise it is not correlated with the araenzi 
of phenylacenc acid present There is no evidence that it is associated with 
degradanon products of peniciDm 

As m the case of hemolytic streptococcal infections, impure pemcillin is 
enective than ciystallme pemcilhn G m protecting animals agamst expenm^ 
tally produced pneumococcal infections m mice On a unitage basis 
the rdanve chemotherapeutic efficacy of penicilhns X, dihydro-F, F, G, and iv 
against this mfecnon, under the experimental conditions used, was on the oid^ 
of 302 ISO, 116 100 and 63, respectively, on a gravimetnc basis, 194, ISO, lO^j 
100 and SS, respeenvely 

The factor m impure pemcilhn which enhances the chemotherapeutic sc 
nvity of cr ystalline penicillm G is present m the ongmal penicfilm fermentatic- 
honor and mav be demonstrated durmg the extraction of pem cilh n m 
fractions in which pemcilhn G is recovered ^ 

The chemotherapeutic aennty of crystalline pemcilhn G may be enhancc> 
by /^Tiyrrmfl^r substsnces not specific for impure pemcillin Furthermore, 
talhne pemcilhn K may enhance the activity of ciystalhne jienicilhn G ^ 



elTect of ponRillin G plus K is gioitoi thin would be anticipated fiom the total 
numbei of units jnescnt 

The chcmothei ipeutic ictiMt\ of penicillins X, dihydio-F, and at times K 
nia> also be cnhinccd b^ pcnuillin inipuiities 
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BVCTERIAL DISPICRSIOX BY SONIC ENERGY 

IX 1 silHOPsiimi 

Research Dntvon^ Hatithion Mani/faciunug Comifany, Waltham, Massachusetts 
Portae cl for puhlicatioii i\I a 2, 19-17 

AMicn I suspension of clispciscd bactciia is subjected to intense some energy, 
sufTicicnt to cuise cellulu luptine, theie is i piogiessne deciease in the tin- 
bldlt^ of the liquid ^\ith continued time of e\posuie This change m tur- 
bidit\ cui be used is i method of folloiMiig the celluKi disi option in that, Mhen 
the piopei i\ no length of light is cmplo 3 ed, theie is a diiect lelationship be- 
tween the concent lation of oiginisms and the absoiption coefhcient, oi the tians- 
niittanc\ lliis icl itionsliip is ^ did if the oiganisms aie weW dispersed AAHien 
the} exist m aggicgites, the extent of the leduction of the light passing thiough 
the liquid in winch the} lie bus])endcd wall be somewhat less than if the same 
numbei of indiMcluals wcic unifoimly dispeised thioughout the suspending 
medium 

In connection with some cxploiatoiy woik, which was being done on the effect 
of sonic eneig} on \aiious bactciia, in which a tuibidimetiic method of evalu- 
ating bactei lodasis was utilized, it was obsei \ cd that, when the oiganisms undei 
exposuie existed in aggicgates, the fiist detectable optical change was an 
tncrcasc in tuibidit} Micioscopically, it was confiimed that this inciease was 
coirehted with the extent to which aggiegites weie being sepaiated 

If this dispei'sion effect could be utilized, it might well pio^e of Aalue in con- 
nection with expenmental piocediiies, such as nutiition studies, which aie based 
on an assumption that such colonies which subsequently develop ha^e been 
deiived fiom single indn iduals 

It was foi the puipose of piepaiing viable suspensions of w ell-dispei'sed organ- 
isms which noimally exist in aggregates, such as clusteis oi chains, that the 
oxpeiiments to be desciibed weie undei taken 

JIETHODS AND EQUIPMENT 

A laboiatoiy model of a device, made by the Ra}^heon IManufacturing 
Company of Waltham, Massachusetts, foi the application of mtense sound 
energy to small quantities of liquids was utilized It consists of a stainless 
steel cup, the bottom of which is a diaphiagm that is vibiated by a lammated 
nickel stiucture connected to it This magnetostiictoi transducei is dinen by 
tin electionic poA\ei oscillatoi having an output of appi oximately 60 watts, 
at a fiequency of about 9,000 cycles pei second 

Absoiption measuiements weie made by means of a balanced cell t}pe of 
photoelecti ic coloiimetei the light source of which had been collected b} means 
of filters to have its principal transmission at approximately 6,500 angstroms 
The absorption coefficients which are plotted as ordinates on the accompan}ing 
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giaphs represent the diffeience between the natuial logaiithm of the instmmen 
tal scale leadings w^hen no oiganisms aie present in the suspending liquid and 
the natuial loganthms of the instiumental scale leadings undei vaiious e\peri 
mental conditions wdien organisms aie present 

The conditions in which organisms existed, Avhethei singl}^ or m aggregates, 
w^'as also determined micioscopically 

EXPERIMENTAL RESULTS 

A small quantit}^, usually 20 ml, of a 24-houi cultuie of the oiganisms under 
study w^as placed in the cup of the tiansducei, and subjected to intense some 
eneigy for varying lengths of time Piioi to tieatment the absorption coeffi 



Fig 1 UxTREATBD Staihylococcus albus Culture 


cient of the suspension was detei mined tuibidimetncally, against steiile culture 
medium as a blank At suitable mteivals dunng the couise of the exposure to 
sound, turbidity measuiements weie made Thus the change in turbidity with 
time of treatment could be plotted, and an optimum time foi best dispeision 
empiiically established It usuall}’' coincided with that point of the cuive cor 
responding to maximum tuibidity As stated befoie, the oidinates on the ac 
companying giaphs lepiesent diffeiences between the natural logarithms oi 
scale leadings and aie not absolute values They aie a function of the scale o 
a paiUcular instrument, and the dimension and shape of the cells in which the 
liquids were held while tuibidities were measuied Howcvei, the rclationslup= 





Pig 2 Tuubiditi Ciiwris in Stvi rniococci s si ensign under Sonic 

Lni noi 



Pig 3 Dispersed STAPinLococcus albus after Sonic Exposlre 


1 dative and similai measuiemcnts made on anj^ mstiument vill gi\e com- 
paiable curves 










ABSORPTION COEFFICIENTS 


Fig G Bacilll*^ sibtiiis Disfersion \fter Somc Exposure 



TIME IN MINUTES 

I iG 7 XuBBiDiTr Changes in Hemolytic Streptococcus unt>er Sovtc Energy 
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were studied these three ^\erc selected as characteristic of types of aggregates 
which have been dispersed 

Staphylococcus albus A 24-hour culture of Staphylococcus albas was grown in 
nutnent broth and its turbidity determined A slide prepared at this tune was 
photographed and is shovm in figure 1 As can be seen, there were numerous 
aggregates A 20-ml portion of the culture was placed m the cup of the trans- 
ducer and exposed to intense sound energy at a frequency of almost 9,000 cycles 
per second At selected mtervals of time the turbidity of the liquid under treat- 
ment was determmed These turbidities ex-pressed as absorption coefficients 
are shown in figure 2 It w^ll be noted that there is a definite increase in tur- 
bidity up to 3 minutes, after which it decreases This decrease m turbidity 
represents cell rupture, and is, m the case of aggregated orgamsms, an effect 
which follows their dispersion 

The microscopic appearance of the same culture shown m figure 1 but after 
20 mmutes’ exposure to sonic energy is shown in figure 3 It will be noted that 
the individual organisms are wnll separated 

Bactllas sublilts A 24-hour culture of Bacillus sabtiliSy grown m nutnent broth, 
was treated under similar conditions to the Staphylococcus albus desenbed m 
the foregomg experiment Absorption coefficients obtamed turbidimetncally 
are shown m figure 4 Figure 5 shows the appearance of the organisms before 
treatment, and figure 6 shows their appearance after 3 minutes of sonic exposure 

Hemolytic streptococcus , group B A 24-hour culture of Hemolytic strep- 
tococcus, group B, grown in nutnent broth was exposed to some energy, and 
was followed both turbidimetncally and microscopically Figure 7 shows the 
change in turbidity with continued time of treatment, figure 8 shows the culture 
as it appeared before treatment, and figure 9 is its appearance after 10 minutes 
of some exposure 


SUMMARY AND CONCLUSIONS 

Ttirbidimetnc changes m three cultures exposed to some energy have been 
described and the dispersion of aggregates illustrated 
A method is suggested for the preparation of well-dispersed suspensions of 
viable organisms which no rmall y have a tendency to form aggregates 
The exposure of cultures to some energy for suitable selected lengths of time 
provides a means for the separation of bacterial aggregates and the preparation 
of dispersed mdividual organisms 




A MOUSE PROTECTION IMETHOD FOR THE ESTIIMATION OF 
ANTIGENIC PNEUMOCOCCAL POLYSACCHARIDE 
IN SOLUTION 

CURTIS SANDAGI? and ORTON K STARK 
Mxami XJnivcTBtty^ Oxford ^ Ohw 
Received for publication Ma 3 5, 1947 

In a study involving the preparation and testing of pneumococcus capsular 
polysaccharide, the need for a rapid method of assay of preparations of unknown 
antigenic potency became evident Alost bacterial vaccmes are standardized 
on the basis of cell counts or total nitrogen determinations Smce such vaccmes 
usually contain somatic protem as the principal antigen, determination of the 
number of cells or of the quantity of nitrogen is often a rehable cntenon of anti- 
genicity Obviously, neither procedure can be used for the standardization 
of capsular carbohydrate preparations 

Heidelberger and Kendall (1932) developed a method for the quantitative 
estimation of specific carbohydrate m solution which is based on the precipitation 
of this material by homologous type-specific antiserum By this method, thej^' 
were able to determme as little as 0 01 mg of tjqie III pneumococcus polysac- 
charide The procedure is quite satisfactory for many purposes, but it does 
not necessarily measure the antigenicity of the substance imder test For 
example, Felton (1934) found that heatmg type I pneumococcus polj^acchande 
m acid solution destroyed from 50 to 87 per cent of its immunizmg actmty, 
although the precipitm titer was not altered Avery and Goebel (1933), workmg 
with type I pneumococcal capsular polysaccharide (subsequently referred to 
as SI), found that the deacetylated product precipitated specific antibody from 
homologous antiserum but that it vas not antigenic when tested m mice It 
IS e^ndent in this case that the method based on the precipitm reaction is not a 
reliable mdex of antigenicity The method of Heidelberger and Kendall is 
applicable only when the specific carbohydrate is obtamable m a state of puritj'' 
Even then, a given weight of the pure material may vary widely m antigenicity 
owmg to the effect of different methods of purification 

Sevag (1934) reported that mice treated with 0 0001 mg of SI survived 1,000 
fatal doses of t3qDe I pneumococcus Schiemann et al (1931), usmg highly 
punfied SI, found that the mmimum amount necessary to produce demonstra- 
ble active immunity when mjected mto white mice was 0 01 ^g Since mice 
are so responsive immunologicaUy to antigenic SI, it seemed that a mouse pro- 
tection method might offer an extremely sensitive means of evaluating the 
antigenicity of experimental preparations 

EXPERIMENTAL 

A sample of highly purified SI was obtamed* and tested m white mice Ani- 
mals weighing 18 to 22 grams were mjected mtraperitoneally on 4 successive 

' The Wm S RIerrell Co , Fellow , tt 

*Dr IMichael Heidelberger, College of Physicians and Surgeons, Columbia Umversity, 
landly supplied this matenal 
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days using a daily dose of 0 25 ml of tenfold dilutions of the SI in saline Fm 
days after the last nnmuniznig dose, the mice were challenged by intrapenfo- 
neal injections using a type I pneumococcus culture The virulence of the test 
culture was such that 1 0 ml of a lOr^ dilution was regularly fatal to control am 
mals withm 60 hours Dilutions of ICh^, ICh®, and were used m order to 
be certam that some animals would receive 100 or more MLD In this work, 
there has been no need to use the LD^o method 

The data shown in table 1 indicate that the rnmimuTn quantity of SI afford 
mg complete protection is 0 01 ^fg Usmg this matenal as a standard of potency, 
various crude and partially purified preparations were assayed by detennmiDg 
the highest dilution of the unknown which gives corresponding protection 
agamst type I pneumococcus 

The results of a representative test are sho™ in table 2 The matenal undci 
test was a partially purified SI solution obtained from a broth culture Iti 
evident that 1 5,000,000 is the highest dilution of the unknown affording mouse 


TABLE 1 


Determination of the minimal quantity of standard SI which provides immunity ^ 

pneumoniae, type I 

Number of mice surviving 72 hours after inoculation 


nanjNiziNc dose or standard SI 


dilution op CHAiLENCINC CUTTUSE 


10^ 

io-« 

10-» 


None (control) 

■■■III 



mm 

1 Opg 





0 1 pg 





0 01 pg 





0 001 pg 



IBHH 



protection m this case Smee this dilution contains a quantity of SI equal 
m antigenic activity to 0 01 pg of the standard, the quantity of active SI m tlJ« 
ongmal solution can be calculated as 50 mg per ml 
Both tables 1 and 2 illustrate the definite end pomt which has been obtained 
routinely by this method In table 1 it can be seen that whereas quantities d 
the standard SI from 1 0 i^g to 0 01 pg are completely effective m protecting caice, 
0 001 pg IS ineffective The lowest concentration of SI affordmg complete pre- 
tection IS considered to be the end pomt No significance is attached to tb'’ 
average survival time for mdividual groups, even though mice receiving 
than 0 01 pg occasionally appear to survive somewhat longer than conw 
animals The necessity for statistical treatment of data is thus elimun^ 

In order to obtam these defimte end points, it is necessary to standard!^ 
conditions of culture and the virulence of the orgamsm used for chafiengiug 
Mice of the proper weight from four sources have been used for these te-t- 
with completely consistent results 

The results obtamed m an attempt to apply this method for the estimab^^ 







SI m body fluids are sbo^vn in table 3 A rabbit weighing 3 kilograms was in- 
jected mtravenously using 25 mg of SI One hour later the rabbit was bled 

TABLE 2 

’'Determination of the minimal dose of unknown SI solution which provides immunity ayainst 

D pneumoniae^ type I 

Number of mice surviving 72 hours after inoculation 



JJttUnON or CHALLENCIKO CUiTUHE 


KTT 

i(r» 

io-» 1 

i(r»» 


Controls 


Sahne 


WBSM 


6/6 

Standard SI, 0 01 pg 

6/6 


mssM 



Dilutions of unknown SI 


1 600,000 

■■1 

6/6 

6/6 


1 6,000,000 


6/6 

6/6 


1 50,000,000 

mUBm 

0/6 

1/6 



TABLE 3 

'Estimation of SI in rahhii serum by determining active immunity developed in mice in response 

to infection of the serum 

Number of mice surviving 72 hours after inoculation 


DELUnON or coallengzno cultuhe 




10 -* 




10-^ 


Controls 


Saline 

Normal serum 1 10 
Sljstandard, 0 05* fig 

0/6 

6/6 

■I 

0/6 

1/6 

6/6 

6/6 

Dilution of serumf from rabbit injected with 25 mg SI 

1 10 

6/6 

6/6 

6/6 


1 1,000 

6/6 

6/6 

6/6 


1 10,000 

4/4 

4/4 

4/4 


1 100,000 

0/4 

0/4 

0/4 

1 



* Diluent was normal serum 1 10 

t Serum from blood obtained by cardiac puncture 1 hour foUowing intravenous injection 
of SI 


from the heart Basing the calculations on body weight, the serum obtamed 
should have contamed approximately 200 fig per ml Calculations based on the 
results given in table 3 indicate that it contamed more than 100 fig but less than 
1,000 fig per ml No attempt was made to determme the quantity more accu- 
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rately, though it could doubtless be done by using additional dilutions of the 
unkn own It appears that the presence of body fluids does not interfere mil 
the test, although naturally occurring immune substances in serum must be 
considered 


DISCUSSION 

The usual mouse protection tests, both active and passive, emphasize tbe 
determination of the number of lethal doses which treated animals resist rather 
than the determination of the quantity of antigen required to produce sigmf 
leant immumty The passive mouse protection test of immime serum is, never 
theless, an mdirect means of determmmg the quantity of antibody pre^t 
(Heidelberger, Sia, and Kendall, 1930) The principle mvolved in active mouse 
protection tests is qmte different in that the response of the mouse to the anh 
genic stimulus determines the amount of antibody formed It would appear 
that the detennmation of the mmimal quantity of an antigen which elicits ac 
tive immunity may be more significant as a measure of antigenicity than the 
number of lethal doses of the test orgamsm which the mouse will resist The 
method presented accomplishes this objective and gives easily interpreted 
end pomts 

In preliminary work it appears that the time necessary to complete such a 
test can be shortened considerably hx one experiment it was found that a 
single injection of 1 0 ml of the material imder test produced the same result 
as did 4 consecutive daily mjections of 0 25 ml This would shorten the tuna 
required for a determination by 3 days It may not be necessary to allow 5 
days between immunization and challenging of mice In another experiment 
comparable results were obtained after a 4-day waitmg penod Since sigid 
leant deaths occur withm 72 hours, this schedule peimits a test to be completed 
within 8 days 

The method described has been hmited m application to pneumococcal mate' 
nals which are antigenic m mice and for which an acceptable comparison stauda^ 
can be obtained There is no reason to beheve that it could not be apph^ 
the evaluation of other antigenic materials of a similar nature The choice 
of dosage schedule, waiting penod, and the standard to be used is arbitrsTj 
and can be planned to smt mdividual needs 

SUMMARY 

A mouse protection method for the estimation of antigemc pneumococci ^ 
polysacchande m solution has been desenbed 

The principle of the test is based on the immune response of white mice to 
minute quantities of antigemcally active polysacchande 

The procedure should be a useful supplement to methods based on the 
cipitm reaction because of its sensitivity and techmeal simplicity Furt 
more, the method desenbed does not require standardization of antisera 
purification of the antigen under test 

This procedure provides a measure of antigenic potency rather than a 
of precipitable polysacchande 
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SBIULTANEOUS ADAPTATION A NEW TECHNIQUE FOR THE 
STUDY OF METABOLIC PATHWAYS 

R y STANIER^ 

Department of Bacteriology, Indiana University, Bloomington, Indiana 
Recci\ed for publication May 21, 1947 

Dunng work on the oxidation of aromatic substances by Pseudomonas fluores- 
cens, a useful techmque for the elucidation of metabolic pathways by the analy- 
sis of adaptne beha'vnor was discovered Smee it could undoubtedly be applied 
to many other microbial dissimilations, a bnef account of its principles and 
apphcations seems merited 


METHODS 

Adaptation mtis determmed manometrically, by follovnng the oxygen uptake 
after addition of the substrate to a cell suspension m the Warburg apparatus 
All expenments \Nere conducted at 30 C in an atmosphere of air, usmg 2 0 ml 
of cell suspension and 0 2 ml of 0 01 M substrate 

One strain of Pseudomonas fluorescens (sti A 3 12) was used throughout 
The cells u ere gromi on agar plates at 30 C and harvested after 20 to 45 hours 
by suspension m m/CO phosphate buffer (pH 7 0) After centrifugation they 
were resuspended m the same buffer mixture The mmeral media employed 
for cultivation of specificall 3 ^ adapted cells had the foUowmg composition 
specific carbon source, 0 1 to 0 25 per cent, NH4NO3, 0 1 per cent, K2HPO4, 
0 1 per cent, MgSO^, 0 05 per cent, and agar, 1 5 per cent, pH 7 0 to 7 2 

The precision and sensitivity of the manometric technique make it ideal for 
studying adaptation to nonvolatile compounds, but complications anse when 
such substances as beDzaldeh3^de are tested Even m 0 01 m solution, the vapor 
pressure of benzaldehyde is sufiSciently high at 30 C to cause a marked distil- 
lation from the side arm into the mam compartment of the Warburg vessel, 
and adaptation consequently begms before the contents of the side arm are added 
to the cell suspension Even when the period of thermal equihbration is held 
to a minimum, the effect is noticeable, showmg up as an apparently more 
lapid adaptation to benzaldehyde than to nonvolatile substrates Hence the 
results wath this substance cannot be strictly compared to those obtamed with 
the remainmg aromatic compounds mvestigated 

THEORT 

If we accept the well-tested Kluyvenan axiom (Kluyver, 1931) that every 
dissimilation is the result of a senes of sunple, chemically mtelligible step-re- 
actions, it follows that the complete oxidation of even a relatively small orgamc 
molecule wall mvolve the formation of a large number of mtennediate compounds 
In the case of microorganisms, the further probability exists that at least some 

'Present address Department of Bactenology, Umversity of Calif orma, Berkeley, 
Califorma 
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of these mtennediates ■will be attacked by adaptive enzymes On the general 
theory of enzymatic adaptivity (cf Karstrom, 1937), cells adapted to attack 
the pnmary substrate should bd adapted simultaneously to attack all the infer 
mediates formed durmg the o-adation of that substrate, but not to attack other 
substances the dissimilation of -which is brought about by adaptive enzjTnes 
that fail to participate m the over-all dissimilatory process m question Thus 
by growing cells on the pnmary substrate or on assumed intermediates and then 
testmg for adaptation to a vanety of related substances, one should be able to 
to obtam con-vmcmg eiudence of ■whether or not assumed mtennediates do 
actually occur, together (m positive instances) with mformation about their 
position m the reaction cham The argument can be summanzed m the follow 
mg three postulates 

(1) If the dissimilation of a given substance A proceeds through a senes of 
mtermediates B, C, D, E, F, G , and if the mdiindual steps m this cham 
of reactions are under adaptive enz3matic control, then growth on a medium 
that contains A -will produce cells that are simultaneously adapted to A, B, C, 
D, E, F, G, 

(2) If growth on A fails to adapt the cells to a postulated intermediate X, 
then X cannot be a member of the reaction cham 

(3) Growth on E -will adapt the cells for F, G, but not necessarily for A, 
B, C, and D The probability that growth on E will adapt the cells to precur 
sors decreases -with the number of mtervenmg steps, i e , adaptation to D u 
more probable than adaptation to A 

Postulate (3) perhaps requires a few additional words of explanation hi 
a complex dissimilation, it is conceivable that an enzyme will act at more than 
one stage m the dissimilatory process Hence when two mtennediates, say D 
and E, are separated by one enzymatic step, the possibility exists that the en 
zyme catalyzmg that particular step (D— >E) may also function later on m thn 
o-xidation of E, and that growth on E will also adapt the cells completely fof 
the attack on D However, if two mtennediates, say B and E, are separated 
by several mtervenmg steps (B— >C— ^D-»E), tbe probability that all three en 
zymes mvolved also take part m subsequent reactions is small, and thus growth 
on E IS not likely to produce cells completely adapted for the o-adation of B 

ANALYSIS OF A SPECIFIC BIOCHEMICAL PROBLEM BY MEANS OP SIMULTANEOUS 

ADAPTION 

The apphcation of the postulates may be illustrated -with a relatively sinip 
system, consistmg of the foUowmg five compounds 


CH.COOH CHOHCOOH CHO 



phenylacehc dl-mandehc benzaldehyde 

aad ocid 
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CO OH 

A 

V 


hcnzorc 

acid 


COOH 


/\ 



paradiydroxyhenzoic 

Odd 


Each of them is readib^ utilized (m the case of the acids, as the sodium or 
potassium salt) by a strain of Pseudomonas fluorescens as the sole source of en- 
orgy for aerobic growiih in an othcnnse mmeral medium ^ Washed cell sus- 
pensions prepared from yeast extract agar are unadapted for the oxidation of 
these aromatic compounds the oxygen uptake remams at the autorespiratory 
rate for the first 40 to 70 mmutes folloinng the addition of the substrate, and 
then mcreases exponentially to a steady maximum rate which is maintamed to 
the pomt of substrate exhaustion Cells grown in the presence of any one of 



TIME , MINUTES 

Fig 1 OxTGEN Uptake with 2 Micromoles of Benzoate bt Pseudomonas 
FLUORESCENS GrOWN ON YeAST EXTRACT AgAR (A) AND ON MINERAL 
Benzoate Agar (B) 

1 = autorespiration, 2 = benzoate 

the five substances show complete adaptation to that particular substance when 
tested in the same manner These pomts are illustrated for benzoate in figure 1 
It can be seen that the system is excellently suited for analysis along the Imes 
of the postulates enunciated above, smce it consists of five closely related com- 
pounds the oxidation of which by the biological agent employed is m all cases 
toder primary adaptive control Inspection of the structural formulae would 
suggest as a provisional hypothesis that these compounds comprise five suc- 
cessive members of an oxidative reaction cham 


*Both isomers of mandehc acid are attacked at the same rate, and a racemic mixture 
has been used throughout the expenmenta herein reported 
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— > 


- 


V V V V V 

OH 

Analysis by simultaneous adaptation has provided conclusive evidence that 
this is not the case, and that m reality three separate primary oxidations are 
mvolved The evidence for this is presented m figures 2, 3, 4, and 5 Cells 



20 40 60 80 100 


TIME, MINUTES 

Fig 2 Oxtqbk Uptake with 2 Micbomoles of Various Aromatic Compounds bt 
Pseudomonas fluorescbns Grown on Mineral Benzoate Agar , 1 

1 = autorespiration, 2 = benzoate, 3 = p-hydro\ybenzoate, 4 = mandelate, 5 = ^ 

acetate 


jvere grown on four mineral agar preparations containing, respective!} , 
zoate, para-hydroxybenzoate, mandelate, and phenylacetate and then 
manometncally for adaptation to the four acids and to benzaldehyde 
the data for the four acids are shown on the graphs ^ 

Figure 2 demonstrates that para-hydroxybenzoate is not an intermedia 
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the ovidation of benzoate, since benzoate-grown cells are unadapted for its 
oxidation Tlie immediate attack at maximum rate on para-hydroxybenzoate 
by cells gromi m its presence (figure 3) shows that the mitial lag m its oxida- 
tion by benzoate-gron-n cells cannot be ascribed to permeability effects 



TfME^ MINUTES 

3 OxTGEN Uptake with 2 Micromoles of Various Aromatic Compounds 
B r Pseudomonas fluorescens Grown on Mineral p-Htdroxtbenzoate 

Agar 

1 = autorespiration, 2 == benzoate, 3 = p-hydro'^g^benzoate, 4 = mandelate, 5 = phenyl- 
acetate 

figure 4 shows that benzoate is oxidized at the same rate as mandelate by 
cells grown on the latter substrate, suggestmg that benzoate is an intermediate 
m mandelate oxidation As might be expected if this were the case, mandelate- 
grown cells are unadapted to pam-hydroxybenzoate 

The results presented m figure 5 for cells grown on phenylacetate are perhaps 
the most interestmg of all In the first place, the typically adaptive curve for 
the oxidation of benzoate proves that phenylacetate cannot be oxidized along 
this pathway The curve for mandelate shows a new feature it has a double 
break, the initial rapid nse m oxygen uptake being followed (after a brief re^ 
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turn to the autorespiratory rate) by an exponential rise that parallels with rea 
sonable closeness, but at the higher absolute level initially established, the 
strictly adaptive curve for benzoate The first break comes at a point that 
corresponds approximately to an oxygen uptake of one mole per mole of sub- 
strate The only likely mterpretation of such a curve is that growth on phenyl 



20 40 60 80 KX) 

TIME, MINUTES 

Fig 4 Oxygen Uptake with 2 AIicromoles of Various ABOiLA.Tic CoMPOU^Ds 
BY Pseudomonas fduorescens Grown on Mineral Mandelatb Agar . 
1 = autorespiration, 2 = benzoate, 3 — p-hydroxybenzoate, 4 ~ mandelate, 5 = pneny 
acetate 


acetate has activated the dehydrogenases involved in the initial oxidation of 
mandelate to benzoate — 


CHOHCOOH 



+ H2O 


COOH 

A 


+ COs + 


4H 


^but not (as shown also by the curve for benzoate) the enzyme systems opef 

atmg at later stages 






The peculiar action of phonylacotato-grown cells on mandclate made possible 
a further experiment m substantiation of the hypothesis that benzoate really 
IS an mtermediate m the oxidation of mandclate Adaptation to either benzoate 
or phenylacetatc singly fails to bring about complete adaptation to mandelate 
(figures 2 and 5), but if the deductions drawn from the expeiiments above are 
correct, cells adapted to both of these substances should also be adapted, by a 



20 40 60 80 100 
TIME, IvIlNUTES 


Fig 6 Oxygen Uptake with 2 Micromoles of Various Aromatic Compounds 
BY Pseudomonas fluorbscens Gro^\ n on Mineral Phbnyiacetate Agar 
1 autorespiration, 2 = benzoate, 3 = p-hydroxybenzoate, 4 — mandelate, 5 = phenyl- 
acetate 

process of complementary activation, to mandelate As shown m figure 6, 
^his expectation is realized 

The data with benzaldehyde mdicate that this substance is probably an m- 
termediate in the oxidation of mandelate to benzoate, although for the reasons 
Mentioned earlier the results are not so clear-cut as those with the aromatic 
^cids Mandelate-grown cells are completely adapted to benzaldehyde, and 
phenylacetate-grown cells show ''semiadaptation^' of the same sort as that dis- 
cussed above for mandelate, with the difference that the first break m the curve for 
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benzaldehyde oxidation comes at a level of about 0 5 moles of oxygen per mole of 
substrate, m accordance with the equation 


CEO COOH 


f/\ 


V 

+ HaO ^ 

0 


2H 



TIME, MINUTES 

Fig 6 Oxygen Uptake wyth 2 Micbomoees of Various Aromatic Compounds 
BY Pseudomonas feuobescens Grown on Mineral Benzoate Agar and 
“Pbeadapted*' to Phenylacetate by Incubation in the Presence 

OF This Substance for 60 Minutes Prior to the Experiment . 

1 = autorespiration, 2 = benzoate, 3 = p-hydroxybenzoate, 4 = mandelate, 5 ^ phcDj 
acetate ^ 

Interestingly enough, benzoate-grown cells show complete adaptation for 
benzaldehyde, suggesting that the benzaldehyde dehydrogenase also functions 
m the later stages of benzoate oxidation The adaptation of benzoate-gro^ 
cells to benzaldehyde but not to mandelate is a good illustration of the tniro 
postulate p 

The net result of these experiments has been to show the existence m 
fixcorescens of three separate oxidative mechanisms mvolvmg aromatic substances 
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This information could not have been obtamed from data on utilization, *]or 
even from data on absolute rates of oxidation, which are quite similar for all 
five compounds 

The fact that growth on phenylacetate activates the dehydrogenases mvolved 
in the oxidation of mandelate and benzaldehyde to benzoate probably mdi- 
cates that these two enzymes are nonspecific, and also function at some stage 
in the oxidation of phenylacetate Lack of enzymatic specificity is, of course, 
a limitation to the validity of the technique, and necessitates judicious evaluation 
of positive findmgs It seems most improbable, however, that exactly the same 
set of enzymes would be mvolved m two different complex oxidative processes, 
so that even if growth on one substance activates nonspecifically the first step 
or steps m the oxidation of another substance, lack of adaptation at some later 
point in the cham of events will temporarily halt the attack, resultmg m a 
“semiadapted^* curve for oxygen uptake Indeed, the occurrence of such be- 
havior should m itself provide valuable information as to the course of the 
reaction It is difficult to see how clear lack of adaptation to a postulated 
intermediate can be regarded as anythmg but conclusive negative evidence, 
provided that permeabihty effects have been ruled out by a demonstration 
that cells adapted to the substance in question can oxidize it immediately at 
the maximum rate 

One further pomt, at present highly speculative, deserves brief mention 
It does not seem excluded that reldtivc rates of adaptation may also provide 
indications of biochemical mterrelationships A case m pomt is the relatively 
rapid adaptation of cells grown either on benzoate or on phenylacetate to para- 
hydroxybenzoate (figures 2 and 5) A possible mteipretation of this behavior 
IS that all three substances have a common mtermediate, from which pora- 
hydroxybenzoate is separated by fewer steps than either of the other two, 
With the consequence that cells grown on benzoate or phenylacetate need to 
produce fewer adaptive enz 3 rmes for the attack on para-hydroxybenzoate than 
for the attack on one another 



348 


E* T. STANIBE 


[voi» 64 


The systematic use of simultaneous adaptation, coupled with the other kinds 
of data obtamable from manometric experiments, should be particularly valu 
able m the study of those dissimilatory processes that have so far proved least 
amenable to analysis — ^namely, rapid and complete oxidations of relatively 
complex substances The only prerequisite is that the enzymatic repertoire 
of the biological agent employed should be largely adaptive 

SUMMARY 

The theory of simultaneous adaptation as a method for the analysis of meta 
bolic pathways is described, and its application is illustrated by a specific ex 
ample the oxidation of five aromatic compounds by a strain of Pseudomom 
flttorescens 

REFERENCES 

KAjasTKOM, H 1937 Enzymatische Adaptation bei Mikroorganisraen Ergeb Eiayni 
forsch , 7, 350^76 

Klutver, a J 1931 The chemical activities of rtucroorgamsms Umv London Press 
London 



SEROLOGICAL STUDIES OF THE GENUS XANTHOMONAS 

III The Xanthomonas vascularum and Xanthoaionas 
PHASLOM Groups, the Interaiediatb Position op 
Xanthomonas caaipestris 

R P ELROD AND ARMIN C BRAUN 

Department of Animal and Plant Pathology, The Eochefeller Institute for Medical 
Research f Princcion^ New Jersey 

Received for publication May 31, 1947 

Previous studies (Elrod and Braun, 1947a) indicated that the genus Xaniho- 
monas showed endence of antigenic di\nsibihty Since the individual species of 
the genus cannot easil}’' be differentiated by the physiological determinative pro- 
cedures ordinanlj’’ used in bacteriology, it v as suggested that serological informa- 
tion might be utihzed as an aid in the classification of these organisms Further 
study by means of agglutinin absorption in one of the divisions, arbitranly 
designated as the X {ransluceni> group (Elrod and Braun, 19476), argued against 
the possibihty that all described species ^vlthln this group represented distinct 
serological entities Nevertheless, it was possible to define certain specific im- 
munological components vithin this group which apparently were correlated with 
host specificity Discrepancies in this respect were indicated by the serological 
identity of organisms isolated from such videly separated sources as pumpkin, 
begoma, and certain grasses 

The present paper deals with a continuation of seiological study of three other 
immunological divisions of the genus Xanthomonas — the X vascularum, X 
Vhaseoh, and X compestns groups It was previously observed (Elrod and 
Braun, 1947a) that, by using heavily mucoid cultures, a relationship could be 
shown to exist between the ^^vascularum^^ and ^^phaseoh” groups The X 
vascularum type organism agglutinated in the X phaseoh group antiserums, but 
the reciprocal reaction was not observed It was found that, by freeing the cul- 
tures of the mucoid matenal, this umlateral relationship was lost, there were no 
agglutination reactions between the two groups The two organisms in the X 
campestns group, X campestns and X harhareae, tended to hnk the two groups 
m question All of the cultures in the X vascularum and X phaseoh groups ag- 
glutmated m X campestns and X barbareae antiserums The latter two organ- 
isms reacted m all of the individual antiserums of the two larger groups In 
the present investigation the nature of this intermediate role was investigated, 
and the members of the ^‘vascularum” and ‘‘phaseoh” groups were compared by 
means of agglutimn absorption 

ORGANISMS OF THE XANTHOMONAS VASCULARUAI, XANTHOMONAS 
PHASEOLI, AND XANTHOMONAS CAAIPESTRIS GROUPS 

The species and subspecies that compose these three groups have a wide and 
varied host range Table 1 presents information pertaimng to natural hosts, 
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isolates employed in the study, and the onginal authonty for the species id 
question It is to be noted that the susceptible hosts extend through many 
genera and famihes of the higher plants Xanthomonas vascularum is apparently 
specific for sugar cane, whereas X vesicatona has a known host range limited to 
certain of the Solanaceae, more particularly pepper and tomato X vesicatom 
V rapham is infective for pepper and tomato as well as for the radish In tbs 


TABLE 1 


Species and subspecies with representalive hosts tn the Xanthomonas vaseularumf Xanthomonas phaseciit and 

Xanthiomonas eampestns ffroups 


SPECIES 

ISOLATES STODIED 

NATUSAL HOST OE HOSTS 

AUinOUTT 

X vascularum 

XVI, XV46 

Sugar cane (SoccAarumoJ^narum) 

Cobb, 1803 

X vesicatona 

XV3 XV4, XV7, XV8, 
XV13, XV14 

Tomato (Lucopersicon spp ) 
Pepper (Capsicum spp ) 

Doidge 1021 

X vesicatona 

V rapham 

XV16, XV16A 1 

Radish (Raphanus spp ) 

Tomato (Lycopersicon spp ) 
Pepper (Capsicum epp ) 

White 1930 

X papavencola 

XP5 XP17 i 

Poppy (Papaver rhoeas) 

Bryan and McWhorter, 18W 

X hederae 

XHl, XH6 

Ivy (Bedera hdix) 

Arnaud, 1920 

X tneanae 

X13 

Stock tncana) 

Hendnck and Baker, 19U 

X iaraxact 

XTll 

Russian dandehon (Tarazoctim | 
kok'saghyz) 

Niederhauser, 1943 

X eampestns 

XC2, XC3, XClO, XC16 

Cabbage, cauh flower (Cruct/eras 
epp ) 

Fammel 1895 

X eampestns 

V armoraeiae 

XC4 

Horse radish (Armorceiae spp ) 

McCuHoch, 1029 

X barbareae 

XBl. XB2 

Winter cress (Barbareae vulgans) 

Burkholder, 1941 

X phaseoh 

XPl XP14,XP28 

Beans (Phaseolus spp Doltchos 
spp Lupinus spp ) 

Smith, 1897 

X phaseoh v fuscans 

XP18 XP10,XF26 

Beans (Phaseolus spp ) 

Burkholder, 1930 

X Deranit 

XGl, XGla, XG3, XG4 

Geranium (Geranium spp ) 

Burkholder 1037 

X pelargonxi 

XP7 XP8, XP16 

House geramum (Pelargonium 
spp) 

Brown 1923 

X malvacearum 

XM2, XM13. XM14 

Cotton (Oossgpium spp ) 

Smith, 1901 


regard it is similar to X barbareae, X eampestns, and X campesinb v annoracidt 
in being pathogenic on some of the Cruczferae The poppy is host to X 
vcncola, X hederac infects ivy, X incanae, stocks, X Uxraxaai, the Rus:naD 
dandehon, and X barbareae, vinter cress X geramt and X pelargcmt 
geramums in different genera, Geranium and Pelargonium Cotton is anec 
in world-wide distnbution by X malvacearum Beans of different genera 
susceptible to X phaseoh and X phaseoh v fuscans The latter owes its l 
tmction to the elaboration of a browm pigment 









EXPERLMENTAL RESULTS 


\Mthout recourse to repetition the reader is referred to table 1 and table 2, 
part A (Elrod and Braun, 1947a) for the cross-agglutination aspects of the three 
serological groups under consideration 

Random samphng of absorbing combinations was not successful m producing 
specific serums in the Xaiiihovwnas tascidanim group As a consequence, recip- 
rocal absorptions w ere conducted between all eight orgamsms, with a few excep- 
tions concermng X 7nca7}ac In no case did these mirror absorptions indicate 
that any two of these species were serologically identical Nor was it possible 
to produce a specific antiserum for the homologous organisms by absorption with 
any one of the heterologous types The patterns produced by these absorptions 
were vaned, gianng the impression that we were deahng with a multitude of 
group-specific factors It was felt that the use of different orgamsms in absorb- 
ing combinations would produce specific serums This labonous procedme was 
not deemed warranted In table 2 are indicated typical results obtained when 
individual serums were absorbed with single cultures On absorbmg X vesica- 
fona (X^Q4) antiserum with X vesicatona v rapham (XV16), all heterologous 
agglufamns except those for X hederae (XHl) were removed When the fore- 
going antiserum was absorbed by the latter orgamsm, the agglutimns for the 
absorbmg culture and X vasculanim (X\^l) were obhterated When X papa- 
vencola (XP5) was used to absorb this serum, aU agglutimns remamed except 
those for XP5 and X tncanae (XI3) The probable antigemc umformity of 
X vemcaiona is indicated by the complete removal of antibody by or XV13, 
other isolates of this species Dissimilar patterns are produced also by absorbing 
X vascularum (XVI) antiserum Generally, reactive components remained for 
naost of the antigens concerned when this serum was acted upon hy X hederae 
(XH1),X papavencola(XF5)jX V(^catonav rap/iam (X\46), or X campestns 

V armoraciae (XC4) The latter organism was found to have closer immunolog- 
ical affimties foi the X vascularum group than for X campestris Absorption of 
the antiserum for X campestrts v armoraciae (XC4) by X vascularum, X 
vcincatona, and X papavertcola left sizable group components Absorption, 
however, with X vesica tona v rapham (XTS^IG) removed aU agglutimns, homolo- 
gous and heterologous Reciprocally, a large homologous-reactmg fraction re- 
mained when the rapham variety antiserum was absorbed with X campesfns 

V armoraciae (XC4) This indicated that the two orgamsms differ only in addi- 
tional components for X vecicatona v rapham, not present in X campestrts v 
armoraciae This complete umlateral absorption has been observed in other 
combmations, i e , X taraxaci with X vestcaiona v rapham, X papaiericola 
With X vestcaiona, and X hederae wrth X vascularum In each instance the 
reciprocal absorption did not negate the homologous reaction 

In contrast to the lesults obtained in the Xanthomouas vascularum group are 
those noted with X phaseoh group organisms It is to be observed (table 3) 
that absorption of any antiserum of orgamsms in this category hy an} heterolo- 
gous culture of the group leaves only species-specific factors It can be assumed 
that the group-specific components are identical and uniform in distnbution 
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Of the five organisms m this dmsion two were found to be seiologically identical 
They were X gcramt and X pclargomi They reacted identically m all absorbing 
combinations and also w'crc ahke as shown by mirror absorption with their re- 
spective immune scrums (table 3) 


TABLE 3 


Agglutinin absorption cxpcnmcnls in the Xanthomonas phascoh group 



ABSOKBEO 

OKOAKlSil acclutinatzd with 



XC4 

XP7 

XP14 

XM13 

XPISI 

X gcranix PCG4) 

— 

++++• 

++++ 

+++ 

+++ 

++ 


XP7 

— 

— 

— 


— 


XP14 

++ 

++ 

— 

— 

— 


XM13 

+++ 

++ 

— 

— 

— 


XP19 

++ 

++ 

— 

— 

— 

X pclargonix (XP7) 

— 1 

++++ 

+++ 

+++ 

++ + 

++ 


XG4 ! 

— 

— 

— 

— 

— 


XPU ' 


+++ 

— 

— 

— 


XM13 

++ 


— 

— 

— 


XP19 . 


++ 

— 


— 

X phascoh (XP14) 

— 

++++ 

++++ 

++++ 


++ 


XG4 

— i 

— 

++ 

— 

— 


XP7 

— 


++ 

— 

— 


XM13 

— 

— 

+++ 


1 

1 

XP19 

— 

— 

++ 

i ^ 


X malvacearum {XM13) 





1 4“b4- 


+++ 

XG4 

— 

— 

— 

1 ++ 



XP7 

1 

1 — 

— 


— 


XPU 

— 

— 

— 


— 


XP19 

— 

— 

— 


— 

X phaseoh v fuscans (XP19) 

— 


++ 

++ 

+4-4- 


XG4 


— 

— 

— 



XPU 

— 

— 

— 

— 



XM13 

— 

— 

■■ 

B 



> * See table 2 for explanation of symbols 


The intermediate position of Xanthomonas campesins and X barbareae between 
the X vascularum and X phaseoli groups is unique It w as evident from previ- 
ous investigations (Elrod and Braun, 1947a), and as is indicated by table 4, that 
organisms of both groups reacted strongl}^ in X campestns (XCIO) and X 
barbareae (XB2) antiserums Also, these two species reacted m all of the indi- 
vidual serums of the two groups There was, however, no evidence of reaction 
between the groups per se, when mucoid-free antigens w’’ere used (loc at ) 

The similanty of reaction mamfest between Xanthomonas campeslns and X 
barbareae led to the performing of mirror absorption tests betw een the two This 

































R. P ELROD AND ARMIN C BRATIN 


354 


[voi.5 


resulted in complete reduction of activity in each case, indicating the seroIogiK 
identity of the two organisms 

Absorption of Xanihomonas cam.'pestris (XCIO) antiserum (table 4) by an; 
member of the X vascularum division removed all of the agglutinins for tb 
group, while reducing the components pecuhar to X campestns, and not remonni 
the factors active against the X pliaseoh group Likewise, absorption of X 
campestns immune serum by members of the phaseoh group removed antibodie 
active for the latter organisms, but failed to obhterate activity for X camjiesln 
and the vascularum group Multiple absorption with X gerami (XG4) and I 


TABLE 4 

Absorption experiments of Xanihomonas campestns antiserum by Xanihomonas bariarec 


and Xanihomonas vascularum and Xanihomonas phaseoh group organisms 







ABSOKBED BY 




OlGAHmt AGGLUTINATED 

UNAB 

SOBBED 

XV14 



XC4 

and 

XG4 

1 XB2 

XG3 

XMli 

XPH 
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++4* 

♦ 





B 

++ 

++ 

+ 

X vesicaiona v rapham 
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++ 
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— 
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fl 

++ 

++ 

++ 
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— 

— 

-- 

++ 

+ 
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-- 
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— 

— 
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— 

— 
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•H* 

X campestnB v 
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*- 

— 

— 


— 

4-4- 

4-4- 

-f4 

X vascularum (XVI) 

4-4-4- 


— 

— 


— 

4-4- 

4-4- 

++ 

X raxact (XTl 1 ) 

4'4-4- 


-- 


— 


4-4-4- 

' 4-4- 

+ 

X harhareae (XB2) 

4 — h4'4- 

4-4-4- 

4*4“ 

-f-4- 

4-4- 

- 

4-4- 

4-4- 

ill 

X campestns (XCIO) 

4-4*4- 

4 — 

4-4- 

4-4- 

4-4- 

- 

4-4-4- 

4-4- 


X gerami (XG4) 

4-4-4- 

4-4-4- 

4-4- 

4- 

- 

— 

— 

— 


X pelargonti (XP7) 

4-4-4- 

4-4*4- 

4-4- 

4- 

— 

— 

— 

— 


X phaseoh (XP14) 

4-4- 

4-4-4- 

4- 

4- 

— 

— 

— 

— 


X malvacearum (XM13) 

4-4- 

4-4- 

4- 

4- 

- 

- 

— 

— 


X phaseoh v 

fuscans (XP19) 

4 . 4 - 

4-4- 

4- 

*4- 







* See footnote to table 2 for explanation of symbols 


campestns v armoraciae (XC4) left X campestns (XClO) antiserum only specifi*^ 
agglutimns (table 4) The latter species is charactenzed by a factor cotnnion 
the phaseoh group, one common to the vascularum group, in addition to specK^ 
specific components 


DISCUSSION 

It seems apparent from the studies made in the Xanihomonas Iransi ^ 
(Elrod and Braun, 19475) and X phaseoh groups that specific antiserums 
many species of the genus Xanihomonas could easily be prepared Even " 
organisms of the X vascularum group, specific serums should be available 








- J 


STUDIES OF THE GENUS XANTHOMONAS 


355 


proper absorbing combinations The number of group-specific factors appar- 
ently vary considerably, and, likewise, their distnbution would appear to pro- 
duce a vancty of serological patterns It was felt unadvisable to expend the 
added labor on a complete antigemc analysis, or to prepare at this tune specific 
antiserums for the X vascidanim organisms 

It appears certain, howe\er, that many of the well-recognized Xanifiomonas 
species (based on known host range) are distmct immunologically Several 
questions anse in this regard Is this serological specificity attnbutable to the 
prolonged growth of the organism on a well-defined host? Is the abihty to infect 
only certain hosts due to an antigemc umqueness? Or finally, is there no corre- 
lation between the antigemc make-up of the bactenal ceU and its abihty to infect 
specific hosts? 

It is interesting to conjecture that members of the genus Xanthamonas have 
evolved from a common organism present as a saprophyte either in the soil or 
on the external surfaces of plants The assumption that the many xanthomonads 
have ansen from a common stock is not unreasonable in the hght of the um- 
formity of phj’siological characteristics evident throughout the genus At the 
same time the gradual (but sometimes abrupt) antigemc differences manifest be- 
tween most of the recogmzed species lends credence to common ancestrj’’ If a 
hypothetical ancestor is assumed for the genus, then it can be argued that through 
vaiiation and selection of this primitive form an orgamsm arose that was capable 
of invading and surviving in plant tissues, and that, through association with a 
host of defimte structure, an antigemc mosaic pecuhar to a specific orgamsm 
evolved On this assumption, a change in antigemc structure should take place 
along recogmzed hnes if a species of Xanthomonas foreign to a given host was 
made to proliferate and thnve in that host Also, if a change in antigemc struc- 
ture were possible tn miro (similar to that recogmzed in the pneumococci) there 
should be an accompanying shift in specific host Reid et al (1942) have, m 
fact, made the claim that Pseudomonas fluorescens changed antigemcally to be- 
come identical with PhyUmonas (abaci in the “M” phase by association on clover 
plants during a single season These experiments are open to criticism, however, 
because of the lack of ngidly controlled experimental conditions 

Not all xanthomonads are immunologically defined, assuming that all of the 
described species are vahd The serological identity of Xanthomonas campestTts 
and X barbareae is not m the least illogical The latter orgamsm was isolated 
and descnbed by Burkholder (1941) m search for a reservoir of X campesins 
The xanthomonad isolated by him was declared to be a different entity from X 
campeslvts This was occasioned by the apparent inabilit}’' of the two organisms 
to cross-infect their hosts of isolation The description of the winter cress organ- 
ism failed to distmguish it from X campestns Serologically we foimd the two 
to be identical Inasmuch, however, as winter cress {Barbareae vulgans) belongs 
m the family Cructferae^ this antigemc sumlanty with X campesinsy whose 
hosts number many Cruciferacy can be reconciled Yet it is far more difficult to 
resolve the facts presented in part II of this senes In this it was pomted out 
that X begontae (pathogemc on begoma), X cucurbtiae (pathogemc on field 
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the vanant strain, cultures were transferred in senes into nutnent broth at 24- 
hour intervals Twenty transfers were made After each transfer the presence 
of creatinase was ascertained by inoculating a loopful of the nutnent broth cul 
tore into phosphate-buffered creatinine solution The enzyme activity was not 
lost, but dechned gradually as manifested in a delay of growth for 48 hours and 
in its limitation mainly to the surface of the medium 

Three stock culture strains of P aeruginosa and two stock culture strains of 
P fluorescent failed to grow in phosphate-buffered creatimne solution An at- 
tempt was made to adapt one of the strains of P aeruginosa to this medium 
The organism was inoculated into nutnent broth containing 0 2 per cent of crea 
timne and was transferred in senes at 24-hour intervals for 12 successive days 
No measurable breakdown of creatinine took place, nor did growth occur m 
phosphate-buffered creatimne solution inoculated from the last one of the 12 
senal tiansfers 

In another e\penment successive transfers in decreasing amounts of nutnent 
broth, brought up to volume with distilled water, were made The creatimne 
concentration was kept constant at 0 2 per cent A method of bactenal adapta 
tion descnbed by Hegarty (1939) was used Transfers were made in senes evciy' 
90 minutes, at which time the end of the lag phase of P aeruginosa was assumed 
to have been reached All tubes were inoculated heavily Six senal transfers 
were made Tests for creatinase activity of the bactena present in the last tube 
gave negati\e results 

Finally a heavy inoculum of the stock culture strain was streaked on several 
plates of creatimne phosphate agar medium and mcubated at room temperature 
for 2 weeks No growth occurred It would seem that the strain used was not 
adaptable to creatimne under the expenmental conditions outhned 

Enzyme s^peaijiatiy and growth requirements Kopper and Beard (1947) ob- 
served that the creatimne-decomposmg enzyme of the atypical strain acted on 
creatimne, creatine, and glycocyaimdine, but failed to attack hydantoin Pbos 
phate-buffered solutions contaimng 0 1 per cent creatine, glycocyaimdine, and 
hydantoin, respectively, were prepared and moculated with the orgamsffi 
Growth de^ eloped m creatme but not m glycocyamidine or hydantoin In or 
der to determine a possible cause for the discrepancy between the action of the 
enzyme on glycocyaimdine and the failure of the strain to reproduce on this 
substrate, an attempt was made to grow the organism on the hydrolytic products 
of creatimne and glycocyamidine These two cheimcal compounds are intcrnnl 
anhydrides of creatine (NHj C N CHs COOH) and glycocyamine (NHj C 


NH CBz 

NH CH* COOH), respectively The products of the hydrolysis of creatme 
would be urea and sarcosme, of glycocyamine urea and glycme Phosphate^ 
buffered solutions of 0 1 per cent urea, sarcosme, and glycine, respcc 
tively, were prepared and inoculated with cultures of the atypical su 
and of three strains of P aeruginosa and two strains of P fluorescens ^ 
growth took place in urea Sarcosme supported adequately the growth of 
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strains Glycine pro\cd to be a poor medium The oiganisms cither failed to 
multiply in it or did so only slightly after piolonged incubation This ivould 
seem to present additional evidence for the hydrobiic action of the creatimne- 
decomposing enzymic of the atypical strain The enzjrac may effect the sphttmg 
of C N and C N linkages, but growi^li can onh be suppoited by the 

1 I n 1 

NH CHs NH H 

resulting spht products On a good nutnent such as sarcosine the organisms 
multiply readily, vhich leads to the production of moie enzyme, 'which m its 
turn causes a further breakdovn of creatinine or creatine, whichever is the sub- 
strate, and a greatci accumulation of sarcosine On a poor nutnent such as 
glycine, on the other hand, reproduction is so slow that no proper chain reaction 
can develop, which ma}’' account for the inadequacy of glycocyamidine as the 
sole source of carbon and nitrogen in a culture medium for the growi;li of the 
atypical strain 

Preservation of cultures of the atypical strain Cultures of the atypical strain 
were kept on creatinme phosphate agar slants at room temperature 'Rhen 
bactena were transferred from such slants to phosphate-buffered creatimne 
solution or nutnent broth after 8 to 10 days, they failed to grow The orgamsms 
lost their viability also on nutnent agar, to which 2 per cent creatimne had been 
added, wntlnn the same length of tune Theu creatinase activity, how ever, w^as 
unaffected, as show n by the disappearance of cieatimne from solutions incubated 
with suspensions of the dead orgamsms Both \iabihty and creatinase actmty 
could be preserved by keeping cultures on nutnent agar slants aerobically or on 
creatimne phosphate agar slants undei oil This was proved by tiansfeis from 
such slants after 45 and 60 da3^s, respective^ Woik is now in pi ogress to in- 
vestigate the cause of the delayed lethal effect of cieatimne agar media on 
cultures of the atypical strain undei aerobic conditions 

DISCUSSION 

Karstrom's differentiation of bactenal enzymes into “constitutive” and “adap- 
tive” enzymes was enlarged upon by Krebs and Eggleston (1939), who subdi\nded 
the latter into “paitially adaptive” enzymes, which aie formed in the absence 
of the specific substrate but increased in its presence, and “totally adaptive” 
enzymes, which are formed only in the presence of the specific substrate The 
creatimne-decomposing enzyme described by Dubos and Miller (193/ ) was shown 
to be “totally adaptive ” Evidence presented m this study w ould favor the 
classification of the creatinase of the atypical strain of P aeruginosa as a “par- 
tially adaptive” enzyme One can only speculate on the mode of origin of such 
enzymes They may arise fiom mutations of the parent strain, which are of a 
more fundamental character than those pioducing “totally adaptive enzymes 
This wnuld explain the greater difficulties encountered m inducing them 

As pointed out by Luna (1947), most bactenal classifications are only de- 
terminative keys, which cannot be compared with the well-defined systems of 
zoological and botamcal taxonomy Many bactenal species and e\en genera 
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are separated on the basis of character dififerences that may be brought about bj 
a single mutational step The organism descnbed here may hare arisen m such 
a way, since aside from its creatmase activity it is indistmgiushable from the 
species P aeruginosa 


SUMMARY 

A strain of Pseudomonas aeruginosa, first isolated from unne, was cultivated 
in a phosphate-buffered solution containing creatimne as the sole source of carbon 
and mtrogen 

The strain possesses a specific creatinine-decomposing enzyme, creatinase, 
which IS not lost after 20 successive transfers through nutrient broth without 
creatinine 

Attempts to adapt a stock culture strain of P aeruginosa to grow m a phos 
phate-buffered creatinine solution were unsuccessful 
The creatmase acts on glycocyamidine, but this compound is inadequate for 
serving as the sole source of carbon and mtrogen for the growth of the atypical 
strain 

Sarcosine, a hydrolytic product of creatimne and creatine, represents a good 
culture medium for the atypical strain and five other strains of P aerugmo^^ 
and Pseudomonas fluorescens tested Glycine, a hydrolytic product of glyco* 
cyamidme, is a poor nutnent for all strains 
Cultures of the strain could be preserved on nutnent agar aerobically or on 
2 per cent creatimne phosphate agar under oil for 45 and 60 days, respective!) 

Cultures kept aerobically on creatimne phosphate agar or on 2 per cent 
creatimne nutnent agar lost their viabihty but not their creatmase actinl) 
within 8 to 10 days 

The nature of the enzyme and its possible mode of ongin are discussed 
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The problem of diug lesistance has become an important limiting factor in 
the therapeutic efficiency of streptomycin (Buggs ct al , 1946, Finland et al , 
1946, Bondi ct al , 1946) We have previously shown in the case of streptomycin 
that of 13 strains tested all had the ability to throw off, spontaneously, variants 
resistant to streptomycin (Klein and Kimmelman, 1946, IHein, 1947) The 
destruction by streptomycin of the mass of susceptible bactena and the multi- 
phcation of the few highly resistant vanants was indicated to be a mechanism 
for the development of streptomycin resistance Alexander and Leidy (1947), 
workmg with Hemoplnlu^ influenzacj have recently obtained similar results 
Chmcally, the inhibition of the rapid development of stieptomycm resistance 
may then require the destruction of a relatively small number of resistant 
bactena, which might be effected by the addition of a low concentration of 
anothei drug In the present work we have therefore studied the combined 
action of streptomycin, pemciUin, and sulfadiazine %n mtro and determmed the 
relationship between the s 3 mergistic action of the compounds and the inhibition 
of the development of streptomycin resistance 

MATERIALS AND METHODS 

Staphylococais aureus^ susceptible to streptomycin, penicillin, and sulfadiazine,, 
was used as the test organism A casern hydrolyzate medium (Strauss, Dingle^ 
and Finland, 1941) contaimng 0 5 per cent glucose provided a clear medium which 
was convenient in the determination of growth rates turbidimetncally in the 
Klett-Summerson photoelectric colorimeter The presence of the glucose 
resulted in a drop m pH after 24 hours that did reduce the streptomycin activity 
(Geiger, Green, and Waksman, 1946) However, this did not interfere with the 
interpretation of the results on the combined drug action 

The tests for drug activity were performed as follows Six ml of the casein 
hydrolyzate medium, containing the various drugs singly or m combination, were 
added to the Klett-Summerson tubes, and a standard inoculum of 0 1 ml of a 
20- to 24-hour culture, diluted to give a reading of 50 on the Klett-Summerson 
colonmeter (approximately 15,000,000 bactena), was seeded into each of the 
tubes This large inoculum provided a rapid mitial growth, which permitted 
the taking of turbidity readings at 6 hours, in addition to the 12-, 24-, and 48- 
hour readings In preliminary assays it was found that the 24-hour growth 

* This investigation has been aided by a grant from the Josiah Macy, Jr , Foundation 
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curves obtained on the basis of turbidity readings followed essentially the same 
pattern as the 24-hour groivth curves obtained on the basis of viable counts 
The 48-hour readings weie included to show any delayed gioivth obtained with 
the inhibitors 

The increase in drug resistance i\as estimated aftei 48 houis' incubation at 
37 C The bactena weie subcultured from the initial drug assays after 48 hours 
and grown for 20 to 21 horns in the casein hydrolyzate medium A standard 
0 1-ml sample was inoculated into the same drug concentration initially used, 
and groirth was again determined turbidimetncaliy The increase in the gron tb 
rate was then a measure of the increase in resistance to the drug Turbidity 
readings of the medium, plus the standard inoculum, were taken at the beginning 
of all evperiments, and the increase in turbidity over the initial reading was 
recorded Only increases in tui bidity greater than a reading of 10 w cie recorded 
in the graphs, and the tuibidity readings w'ere plotted as ordinates on a log scale 
All growth curves are representative expenments from at least four separate 
assays 


RESULTS 

In figure 1 are showm the growth rates of the initially susceptible bactena 
grown in partially inhibitory concentrations of penicilhn, streptomycin, and 
sulfadiazine The increase in resistance to each of the drugs is indicated for the 
48-hour subcultures reassayed against the same concentration of the respectne 
drugs The bactena subcultured after 48 hours from the imtial assays of each 
of the drugs, and retested against the same concentration of each drug, showed a 
sharp increase in stieptomycin resistance, a moderate increase in penicillin 
resistance, and no increase (frequently a shght decrease) in the rate of growth 
in the presence of sulfadiazine The increase in resistance after 48 hours to one 
drug did not result in an increase in resistance to any of the other drugs 

We have found that the rate of increase in resistance to pemcilbn and strepto- 
mycn is a function not only of the specific diug but of the concentration of the 
drug used It was found that the greater the partially inhibitory action of pen 
icillin or streptomycin, the greater the increase in resistance When bactena 
were grown in 2 umts of streptomycin per ml, subcultured after 48 hours, and 
retested against 8 umts of streptomycin, they showed only a relatively small 
increase m resistance Bactena growm in 4 and 8 umts of streptomycin per ml 
showed sigmficantly greater increases in lesistance Likewise, bactena suh 
cultured after 48 hours’ growth in 0 02 of a unit of pemcilhn per ml and retested 
against 0 06 umts of pemcilhn per ml show'ed only a shght increase in resistance 
when compared wnth the increase in pcmcillm resistance of bactena grown m 
0 04 and 0 06 umts of pemcilhn per ml This role of drug concentration in the 
deaelopment of pemciUm and streptomycin resistance can be explained on fh'' 
basis of the selection and multiphcation of resistant variants In high concen 
trations of pemcilhn or streptomycin which did not completely inhibit ' 
all but a few of the most resistant bactena m the initial inoculum would 
ebminated These few bactena could multiply and resistant vanants would 
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thrown ofT in the direction of greater drug resistance However, at lower 
drug concentrations one would not obtain so effective a selection of the few 
resistant variants, more of the less resistant bacteria would survive and on 
subculture they would tend to o\crgrov the few most resistant vanants TTpon 
reassaying such a culture would shew onl\ a moderate or shaht increase m 
resistance Wc also observed that wl cn there was no sigmficant inhibition bv 



Txmc vn Irocurs 

Fig 1 DETzi.opircrsT or Resista^cz: to Stseptomtcix, PrrsTCTLixs-, Aieo 
SiXFADiAzrsi: (STAPHTijococcrs Amrus) 

Medium carein hvdrolvzate, pH 7 4 Inoculum 0 J. ml of 20- to 24-hour culture (ap- 
15,000,000 orgaiisms) P — pemcillm, 0 06 u/ml seeded Eith sust^ptibie bacteria 
S = streptomvcm, S 0 u/ml seeded vuth susceptible bacteria SD = sulfa diann e, 1 5,000 
seeded ^nth ^ceptible bacteria PCR) = pemciUm, 0(K u/ml seeded ruth organisms 
groini for 4S hours m 0 06 u/ml pemcillm S(R) — streptomTpn, S 0 ^ml seeded vith 
organisms grown for 4S hours m S 0 u/ml streptomvcm.^ SD^) = sulfadianne, 1 5,000 
seeded with organisms grown for 4S hours m 1 5,000 sulfsoianne 

the drug i e , when no selection of the more resistant forms would occur there 
was no demonstrable mcrease m resistance 

Combined aciten of (iro drugs end ire xnKbitwn of s^eptomyern res^starcc 
'^e determined the relative effectiveness of sulfadiazine and peniallm when 
added to streptomycin both with respect to their abihty to increase the inhibitory 
action of streptomyem and their effectiveness m decreasing the streptomyan 
resistance of bactena surviving the action of the drug The results are shown m 
figures 2 and 3 When 1 5 000 sulfadiazme or 0 06 of a unit of penialhn were 
added to 8 units of streptomyan the combined action of the two drup wras 
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greater than either drug alone and the effect was not a simple additive one 
Sulfadiazine in a 1 5,000 concentration, which was less inhibitoiy than 006 
imits of pemcilhn, was far more effective when combined with streptoin}cin 
than was pemcilhn, and this greater effectiveness of sulfadiazine as a synergi'^t 
was related to its ability to reduce more effectively the resistance of bactcna 
surviving the action of streptomycin In figure 3 is shown the increase in 
resistance of bactena surviving the action of (1) 8 umts of streptomycin, (2) 8 
units of streptomycin plus 0 06 umts of pemcilhn, and (3) 8 umts of streptomycin 
plus 1 5,000 sulfadiazine The bactena grown in streptomycin alone showed a 



Time in Hoars 

Fig 2 Inhibitoey Action of Streptomycin, Penicillin, and Sulfadiazine— 
Singly and Combined — on Susceptible Staphylococcus aubeus 
P = penicillin, 0 06 u/ml S = streptomycin, 8 0 u/ml SD — sulfadiazine, 15,^ 
p -f S = pemcilhn, 0 06 u/ml plus streptomycm. 8 0 u/nal (final concentrations) t 
= sulfadiazine, 1 5,000 plus streptomycin, 8 0 u/ml (final concentrations) 

very marked increase in resistance, and the bactena grown in the combination 
of streptom 3 ’’cin and pemcilhn showed almost the same increase in streptom^oio 
resistance However, the bactena growm in streptomycin and sulfadiazio^ 
showed only’- a moderate increase m streptomycin resistance, indicating that 
greater actmty of sulfadiazine as a synergist was associated with a great^^ 
actmty in inliibiting the development of streptomycin resistance There 
however, in all cases an increase in streptomycin resistance over the mn 

susceptibihty of the bactena r i re- 

When tw o drugs are combined, each inhibits the de\ elopment of drug 



DRUG RESISTANCE AND SYNERGISM IN ANTIBIOTICS 


367 


Bistance to the other Streptomycin was found to inhibit effectively the develop- 
ment of pemcilhn resistance, as did sulfadiazine No increase in sulfadiazine 
resistance was ever observed after 48 hours when subcultures were tested from 
sulfadiazine alone or in combination with other drugs 
Comhincd action of three drugs The combined action of 1 10,000 sulfadiazine, 
0 04 umts of pemcilhn, and 4 umts of streptomycin was determined against 
S aureuSj and the results are shown m figure 4 The combination of strepto- 
raycin’and sulfadiazine or the combination of streptomycin and pemciUin effected 



Time \n Inours 

Fig 3 I^cRBASB in Streptomycin Hesistance op Bacteria Previously Grown 
IN Streptomycin, STREPTOiiYciN -P enicillin, Streptomycin -Sulpadiazine 
(Staphylococcus aureus) 

S = streptomycin, 8 0 u/ml seeded with susceptible bacteria S(R) = streptomycin, 

8 0 u/ml seeded with orgamsms grown for 48 hours in 8 0 u/ml streptomycin S P(R) 

== streptomycin, 8 0 u/ml seeded with orgamsms grown for 48 hours in 8 0 u/ml strepto- 
mvcin plus 0 06 u/ml pemcilhn (final concentrations) S+SD(R) = streptomycin, 8 0 
u/ml seeded with orgamsms grown for 48 hours in 8 0 u/ml streptomycin plus 1 5,000 sul- 
fadiazine (final concentrations) 

only a partial inhibition of growth, wheieas the combination of all three drugs i 
completely inhibited growth Though inhibition was complete, there were 
alwa3^s a few bactena surviving the combined drug action These bacteria 
when subcultuied and reassayed against streptomycin, pemcilhn, and sulfa- 
diazine, respectively, never show^ed any inciease m lesistance and regularly 
show ed a slight decrease in gi ow th rate in the presence of streptomycin and 
occasionally a shght decrease in lesistance to pemcilhu and sulfadiazine The 
absence of any increase in resistance can be interpreted as being due to the 
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prompt inhibition of all multiplication by the three drugs Mith the subsequent 
mabihty of resistant vanants to anse The few sum^ang bacteiia can be 
considered as nondi\uding cells in a physiological state temporanly unaffected 
by the action of the drugs 

When the three drugs Mere combined in loMer concentrations which permitted 
some multiphcation, e g , pemcilhn 0 02 units per ml, streptomycin 4 units per 
ml, and 1 15,000 sulf adiazine, the bactena m hen reassayed after 48 hours sboiied 
neither an increase nor a decrease in resistance It should be pointed out again 
that lowenng the test concentration of pemcilhn or streptomycin is in itself a 



Time ^’n iToaTs 

Fig 4 iNmaiTORY Action of pENiciiiUN, Streptomycin, and Sulfadiazine 
Singly and in Combination on Susceptible Staphylococcus aureus 
P = penicillin, 0 01 u/ml S = streptomycin, 4 0 u/ml SD = sulfadiazine, 1 
P+S = pemcillin, 0 01 u/ml plus streptomycin, 4 0 u/ml (final concentrations) 
r= pemcillm, 0 04 u/ml plus sulfadiazme, 1 10,000 (final concentrations) S+SD = 
m>cin, 4 0 u/ml plus sulfadiazme, 1 10, (XX) (final concentrations) P+S-hSD = pcnicju i 
0 04 u/ml plus streptomycin, 4 0 u/ml plus sulfadiazine, 1 10,000 (final concentrations) 

factor in effecting a decrease in the rate of development of drug resistance 
Howe\ er, this reduction in drug concentration is not in itself suflScient to eliininatc 
completely the de\elopment of drug resistance in the case of the indmo^ 
compounds ^ 

It should be pointed out that both drugs must be present in concentration^ 
which are in themsehes inhibitor}" We have found that if one exposef 
streptom> an-resistant culture to streptom> cm and sulfadiazine, or strcptoin\ nn 
and pemcillm, one obtains the inhibitor}" action of the sulfadiazme or penin o 
alone 
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DISCUSSION 

The lehlionship between sjnergisin and diug resistance has been previously 
indicated b}" us in a icpoit on the combined action of penicilhn and the sulfona- 
mides (Klein and Kaltci, 1945) It vas found that an important factor m the 
observed synergism w as the ability of a small amount of an added drug, in this 
case the sulfon nnidc, to prevent the multiplication of the few bacteria resistant 
to the test concentration of penicillin 

Several factors may be considered m the present inhibition of drug resistance 
resulting from the simultaneous use of sevci al drugs We have already indicated 
that the use of lower conccntiations of each drug is an important factor in the 
decreased resistance to the drug Carpenter, Bahn, Ackerman, and Stokinger 
(1945) found that vhen bactena ^^cre growm in sulfathiazole, nvanol lactate, 
promm, and penicillin, drug resistance did not develop against any of the com- 
pounds In the combination of four drugs Carpenter and his coworkers used 
onC“fourth the drug concentration initially used in the development of resistance 
to each agent It would be of inteiest to know to what extent this reduction 
m the concentration of the individual drugs was related to the elimination of 
resistance 'v\ hen all four drugs were combined 

As a synergist ^^lth streptomycin, the greater activity of sulfadiazme as com- 
pared with pemciUin may be related to the very high degree of sensitivity of 
sulfadiazine to the total number of bactena present We have found, for 
example, that a 1,000-fold deciease in the size of our S aureus inoculum increased 
the sulfadiazine titer over 30-fold, but under similar conditions the pemcilhn 
titer was inci eased only 3-fold Hence when only a small number of strepto- 
mycin-resistant cells are present, low concentrations of sulfadiazine would be 
particularly effective 

If one assumed that a drug had an all or none effect, i e , it either inhibited 
a bacterium from dividing or left the cell essentially unaltered, then the combined 
effect of the drugs could be explained exclusively in terms of this independent 
action A given concentration of streptomycin would therefore destroy all but 
a small numbei of bacteria completely resistant to it and the small concentrations 
of the added drug oi diugs would independently inlubit the small number of 
surviving bactena If, however, a drug can significantly modify ceUular me- 
tabolism though not inhibit cell division, then it is possible that two drugs 
acting on a single cell may together effect complete inlubition or killing when each 
alone could not (Mudd, 1945) One would then have m addition to the inde- 
pendent action, which must occur, this combined action on a single cell 

Apart from any consideration as to the piecise mode of action and with due 
regard to possible toxic effects, one can state that diugs having some hmited 
degree of action against streptomycin-resistant bactena are potential tools or 
reducing or eliminating the development of streptomycin resistance It may e 
mentioned that antibodies and phagocytes should play a role in inhibiting the 
development of lesistance by suppressing the multiphcation of 
It is of particular interest to note that Schnitzer, Lafferty, an uc ' ( ) 

found that drug resistance of the trypanosomes developed most rapidly in those 
treated experimental ammals in which there was httle antibody activity 
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SXmMART 

After 48 hour’s growth m a casern hydrolyzate medium containing strepto- 
mycin, pemcillm, or sulfadiazme, Staphylococcus aureus showed a marled \n 
crease in resistance to streptomycm and pemcilhn and no mcrease in resistance 
to sulfadiazine 

The greater the partially inhibitory concentration of streptomycin or pen 
icilhn the greater the increase in the rate of development of resistance 

Sulfadiazine, when added to streptomycm broth, was far more effective as a 
s^mergist and inhibitor of streptom 3 ^cin resistance than was pemcilhn 

Low concentrations of stieptom 3 ''cin, pemciUm, and sulfadiazine when com 
bined vere highly effective in inhibiting multiphcation and prevented the 
de\ elopment of drug resistance 

The results are interpreted on the basis of the selection and inhibition of 
resistant vanants 
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A current publication by Cooper and Kellci (1947) on oral dysentery immunity 
m mice prompts us to submit some lesults on the same subject Slightly dif- 
ferent bacillary preparations were used 
The present report gives results ve have obtained hy applying the Grasset 
technique to dysentery bacilh, including Sluga, Hiss, Flexner, Sonne, and Mt 
Desert types Grasset (1939) prepared typhoid ^‘endotoxoid’’ by lepeatedly 
freezing and thawing typhoid bacillus suspensions, and subsequently treating 
the resultant lysate mth formabn to reduce the toxicity Human doses of three 
or four times the usual size may be given vath Lttle discomfort, and a supenor 
degree of immumty is claimed Using the same technique, we have found that 
formabn treatment of repeatedly frozen and thawed dysentery bacillus lysate 
for about a month decreased the toxicity considerably as judged by intra- 
pentoneal tests m mice Table 1 indicates a fourfold or more (possibly 32rfold) 
decrease in toxicity in 26 days of formabmzation at 37 C 
Following such detoxification with formabn, the culture lysates, either as 
single types or equal part mixed types, were usually adsorbed on starch and 
desiccated so that 1 gram represented 60,000 milbon onginal bacilb The tech- 
nique for oral immumty tests was that previously described (Powell, 1942) 
but modified by the use of white mice to assay the potency of this antigen 
Following oral immumzation of white mice, decimal dilutions of 18-hour agar 
slant cultures suspended in a fluid contaimng 5 per cent gastric mucin and 0 2 
per cent agar were given intrapentonealJy for challenge to both treated and 
control mice Since the virulence of the cultures for conti ol mice was from 
10 « to 10 part of an agar slant, there was ample opportunity to detect active 
immumzation of test mice with infecting doses of culture much less than pn- 
manly toxic doses 

Preliminary expenments with different doses of single type and mixed type 
antigens, both in moist and dry condition, showed that (a) both homologous 
and sbght heterologous type immumty can be produced orally m white mice, 
(b) antigen denved from 20,000 milbon bacilh appeared to be the best oral dose, 
being sufficiently strong to incite immumty and without harmful action on 
nuce— 10,000 milbon bacilb appeared insufficient and 50,000 million appeared 
somewhat toxic, (c) 10 oral doses, each denved from 20,000 milbon bacilb, 
given to mice in 5 days, i e , 2 doses per day, sufficed at 1 week after the last dose 
to incite immumty agamst 1, 10, and sometimes 100 MLD of culture suspended 
in the mucin-agar enhancement fluid, and (d) 20 doses of half-size were t e 
equivalent of (c) The degree of oral immunity attained here is quantitatively 
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about the same as that observed m mice by Felsen and Osofsky (1938) witt 
injectable vaccine, and successful immunization against great multiples of a 
fatal dose of living dysentery bacilli has not been reported 
A lot of antigen representing 12,000 million bacilli of each of the five types 
referred to above, or a total of 60,000 million bacilh per gram in starch, has been 
tested orally in 95 white mice against the five types of infections On account 
of the bulkiness of the starch vehicle we used the sequence of doses indicated 
under (d) aboi e The results of these tests are recorded in table 2 Thevanotis 


TABLE 1 


Detoxification of dysentery bacillus antigen 


OTTZAPTEITOVEAI. If 0 CSC 
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1 rORilALIKin:!) ANTICCV rvCUUATEt) AT 37 C (days) 

0 

5 

12 

19 

26 

Undiluted 

1* 

1 

1 

1 

5 

Diluted 






1 2 

1 

1 

1 

1 

4 

1 4 

2 

S 

4 

4 

0 

1 8 

1 

3 

4 

4 

6 

1 16 

3 

5 

4 

S 

S 

1 32 

2 

^ S 

S 

S 

S 


* Legend each figure indicates day of death oi a mouse, S indicates survival at TdsP 
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Oral immuntfy tests of difsentery antigen in white mice against fire tgpes of dgsentergboeilli 
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Legend D " mouae dead within 3 days S ■» mouse aurviviDg — ■* test not done 

test cultures, in decimal dilution in the mucin-agar virulence enhancement 
exhibited a high degree of virulence for normal control mice j jjie 

immumty between groups of treated and control mice injected with eac 
senes of hve culture dilutions may be made in the honzontal columns m ® 
Considerable immumty is exhibited toward the Shiga and Sonne 
weaker immumty is exhibited against the Hiss, Flexner, and Mt Dese > 

A higher bactenal “count” in the imxed type vaccine is diflScult to use o 
the over-all residual toxicity 
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It IS concluded that dj^entcry antigen, after repeated freezing and thawing, 
may be detoxified considerably ^\^th formahn, and oral assay of this antigen 
can be done in a penod of 5 da>^ of immunization, 7 days of waiting, then 2 or 
3 da}^ for completing hve-culturc tests, or about 2 ^eeks in all The oral 
response in mice appears to be better against the Shiga and Sonne types than 
against the Hiss, Flexner, and I^It Desert tj^pes Possibly vanable doses of the 
different tj’pes of organisms in the vaccine might have improved the results 
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about the same as that observed in mice by Felsen and Osofsky (1938) wtl 
injectable vaccine, and successful immunization against great multiples of a 
fatal dose of living dysentery bacilli has not been reported 
A lot of antigen representing 12,000 milhon bacilli of each of the five tjfpes 
referred to above, or a total of 60,000 million bacilh per gram in starch, has been 
tested orally in 95 white mice against the five t3'pcs of infections On account 
of the bulkincss of the starch vehicle we used the sequence of doses indicated 
under (d) above The results of these tests are recorded in table 2 The \anou. 
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It has been reported by Wlute (1940), Rake, McKee, and Jones (1942), 
White and Hill (1943), Jones, Rake, and Hamre (1943), and Bush, Dickison, 
Ward, and Avery (1945) that the fungus Asyergillns flams produces an antibiotic 
substance knowTi as aspergilhc acid Aspei gillus flams is also known to produce 
other antibiotic substances such as flavacidin (McKee, Rake, and Houck, 1943, 
McKee and MacPhillamy, 1943), and flavicm (Bush, Goth, and Diclason, 1945) 
However, for economical large-scale production of aspergilhc acid, it was neces- ' 
sary to try additional media and methods of cultivation The studies desenbed 
in this report resulted in the development of suitable methods foi obtaining 
valuable increases m the 3 aelds of matenal produced by the fungus 

METHODS OF CULTIVATION 

White and Hill reported yields of 0 005 to 0 07 mg of crude crystalhne matenal 
per ml of medium when AspergiUxis flavus grew in surface culture at 23 C on a 
solution contaimng 2 per cent tryptone and 0 5 per cent sodium chlonde Rake 
et al reported yields of 0 1 to 0 25 mg of crystaUine aspeigilhc acid per ml of 
medium of the same composition Bush et al reported yields of 0 3 mg of crude 
crystalhne matenal per ml of a solution containing 2 per cent Difco peptone and 
2 per cent lactose Similar results were obtained when the same media and 
methods were tned m this laboratory 

In the attempt to increase the 3 a elds m this laboratory several modified 
medium formulas were tned Some were promising but otheis gave completely 
or nearly completely negative results Individual media contaimng smtable 
sources of necessary nutnents such as soybean meal, vegetable meal, casamino 
acid, veal broth, Czapek-Dox, neopeptone, corn steep hquor. Brewer s yeast, 
and proteose peptone produced no detectable amount of aspergilhc acid A few 
other media which contained boiled potatoes, dZ-isoleucine, Sabouraud s so- 
lution, or brain-heart infusion as the essential ingredient produced substantial 
amounts of aspergilhc acid, but the one which gave the best yield as determined 
by assay was a simple solution contaimng 2 per cent Difco yeast extract and 
1 per cent glycerol This medium on the average yielded 0 8 mg of aspergilhc 
acid per ml of solution in actual large-scale production lots and assayed over 
1 Dig per ml m the case of some smaller, experimental lots 

experimental results 

Fifty ml of the yeast exi^ract glycerol medium were stenhzed per 250-^ 
Erlenmeyer flask at 15 pounds for 15 mmutes The imtial pH range was o 
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6 6 The inoculum was 10'° spores in 1 ml of spore suspension Incubabon 
was at 25 C These expenments represent several dozen flasks — each individual 
flask having been assayed biologically and spectrophotometncally ' 

After inoculation of a flask, growth commenced promptly and by 48 hours a 
heavy, white, wnnklcd pelhcle was formed The liquid under the pellicle was 
tested for activity and pH daily from the end of the third day until the twelfth 
day The results of these expenments are showm in figures 1, 2, and 3 



Days of incubation 

Fig 1 Abperqillic Acid — Assay vs Days 


It will be noted from the graphs that as the pH nses the activity lO 

and on the average the optimum incubation penod is 6 to 7 days Itie 
pH IS fairty rapid and consistent The peak activity, as a rule, is obtaine 
%e pH reaches 7 8 The greatest nse in pH occurs during the first two 
^ibe pelhcle is forming, and thereafter nses more slowly ^ 

eWar results were obtained in 110 production lots of 200 one gallon 

approximately 300 ml medium As each production lot was harv 
m^lbatioD, it was pooled and assayed as such both biologically and sp 
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METHOD OP ASSAT 

Previously, T^q ct al (1942, 1943) reported a rapid test for the activity of 
certain antibiotic substances, including aspergiUic acid, based on the interference 
mth the lunnnesccnce produced by luminescent bacteria This interference 
can be directly correlated mth antibacterial activity However, in this labora- 
tory two other methods vere preferred the spectrophotometnc method which 



012345678 
Days of Incubation 

Fig 2 Aspbrgillic Acid, pH Curve 

ultraviolet absorption curve for aspergilhc acid (maxunura at 
36 m^ m buffer), and the biological method in which activity is tested against 
a standard solution of aspergilhc acid (senal tube dilution) The organism used 
m^e latter test is the Heatley strain of Staphylococcus aureus 
The two assays confirm each other (Dr J D Dutcher, to be published) 
Pectrophotometncally, it is impossible to differentiate between aspergilhc acid 
and hydroxy-aspergilhc acid Biologically the two acids are completely dif- 
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ferent, the hydroxy-aspergilbc acid being inactive, whereas the aspergilLc sad 
IS quite active Physically and chemically the precipitated matenals are noi 
ahke Hydroxy-aspergdlic acid has a melting point of 149 to 150 C and has 3 
atoms of oxygen in its chemical structure, whereas aspergilhc acid melts at 
90 to 100 C and has but 2 atoms of oxygen in its chemical structure 



TABLE 1 


The effect of yeast on the yield of aspergilhc acid 


YEAST KO 

rKITIAEpH 

ithaepH 

BTZCXBO*ASSAV 





me/ml 

m/^ 

333607 

6 55 

8 8 


0 76 

38058S 

6 5 

8 9 


0 6S 

378856 

6 4 

8 5 


0 81 

382370 

6 5 

8 75 

0 85 


382097 

6 5 

8 5 

0 92 

0 so 


Ji a high titer m crude broth is obtained biologically, this must be venfie 
spectrophotometncally, smce Aspergillus fiavus also produces pemciUn^" 
substances If a high titer in crude broth is obtained spectrophotometnt.-'. 
this must be vended biologically to make ceitam that hydroxy-aspergilhc « 
is not bemg produced If a high titer is obtamed m both the chemical 
bio-assay, a relatively large amount of aspergilhc acid may be expected lO 
extraction or isolation process 
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It IS a relatively simple matter to produce hydroxy-aspergillic acid, but 
aspcrgillic acid is more difBcult to produce Expenence has shown that not all 
lots of yeast extract mil produce a high quantity of aspergilhc acid 

Several lots of Dif co yeast extract were tested and from the results m table 1 it 
can be seen that production of aspergiUic acid depends on the yeast that is m 
the medium 

Yeasts 333607, 3S2370, and 382097 yielded the greatest amount of aspergiUic 
acid, while yielding a small peicentage of hydroxy-aspergilhc acid Yeasts 
380588 and 378856 jnelded practically no aspergiUic acid or hydroxy-aspergilhc 
acid, but did cause the formation of a penicilhnlike substance 

SmiAtARY 

A method is desenbed which enhances the production of aspergilhc acid by 
Aspergillus flavus in suiface cultures A simple solution containing 2 per cent 
Difco yeast extract and 1 per cent glyceiol yielded the highest titers of approx- 
imately 0 8 mg per ml in the crude broth Emphasis is also placed on the im- 
portance of assay for aspergilhc acid by both the spectrophotometnc and the 
biological methods to venfy the production of aspergilhc acid, hydroxy-aspergilhc 
acid, or peniciUinhke substances 
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ferent, the hydroxy-aspergilhc acid being inactive, ^Yhereas the aspergilLc aad 
IS quite active Pliysically and chemically the precipitated ixiatenals are not 
ahke Hydroxy-aspcrgillic acid has a melting point of 149 to 150 Candhas3 
atoms of oxygen in its chemical stiiicture, Avheieas aspergilhc acid melts at 
90 to 100 C and has but 2 atoms of oxygen in its chemical structure 
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Although the fermentation of lactate by butync acid bactena has been studied 
by a number of eminent bactenologzsts (Schattenfroh and Grassberger, 1900, 
Bredemann, 1909, Boekhout and van Beynum, 1929), including Pasteur (1862) 
and Beijennck (1893), it is still a very poorly understood process A natural 
butync acid fermentation of lactate has been reported to occur commonly in 
low grade silage (van Beynum and Pette, 1936), and, under laboratory con- 
ditions, several mvestigators have easily obtamed crude enrichment cultures of 
butync acid bactena using lactate as the main substrate, but nearly all attempts 
to isolate and propagate these bactena in pure culture on a lactate medium have 
failed In pure culture the bactena appear to lose their abihty to attack lactate, 
although they can be cultured easily on sugar-contaimng media Van Beynum 
and Pette (1935) finally succeeded in growmg these orgamsms in a lactate 
niediun\^ but only when an imusually high concentration of yeast autolysate was 
also provided Consequently one cannot decide whether the lactate or the yeast 
autolysate provided the main carbon and energy source Van Beynum and 
Pette nghtly observe “There is much uncertainty about the lactate fermen- 
tation As a matter of fact one does not know if it exists as a separate phenome- 
non, and very little is yet known about the relation between lactate and sugar 
fermentations 

In the present mvestigation we have used lactate-decomposing bactena 
obtained by the ennchment culture method By studying their nutntional 
requirements and chemical activities we have found why butjmc acid bactena 
cannot be grown in a simple lactate medium and have shown that acetic acid 
plays an important role in their metabolism 

EXPERIMENTAL RESULTS 

Ennchment and zsolaiton of laciate-fermentinQ bactena The investigation was 
begun by the ennchment and isolation of lactate-fermenting butync acid bactena 
from soil A medium of the following composition (medium 1) in grams per 
100 ml was used sodium lactate, 1, yeast autolysate, 0 3, (NH4)2S04, 0 05, 
MgS04 7H2 O, 0 01, K:jHP 04, 0 05, FeS04 THsO, 0 002, pH 7, made up with 
tap water The medium was inoculated with a small quantity of garden sod 
and incubated anaerobically at 37 C Within 36 hours the medium became tur- 

^ The senior author wishes to express his gratitude to the Watumull Foundation for a 
fellowship which enabled him to work on this problem Permanent address Microbiology 
Department, St Xavier’s College, Bombay, India 
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bid, considerable gas \\ as given off, and the pH rose to 8 2 to 8 4 After 72 houis 
a determination of lactic acid by the method of Fnedemann and Graeser (1933) 
shoved that the lactate was completely decomposed 

Several soils of different t^^pes vere used as inocula for ennchment culturea 
of this type, and in every instance a \agoroiis fermentation vas obtained mthin 
30 to 48 hours The piedominant bactena were always medium-sized, actively 
motile rods, afev of which usually’' contained oval, central, or subterminal spores 
In addition, a few small nonsporulating rods and vibnos were always present 
when the inoculum v as not pasteunzed T^^ren a pasteunzed soil inoculiun was 
used, a more homogeneous but alv ays less ^agorous culture was obtained 
In order to ehminate extraneous bactena as far as possible before attemptuig 
the isolation of pure cultures, one or tvo successive transfers vere made in tie 
same ennchment medium These cultures alv ays de% eloped withm 30 to 40 
hours, but v ere notably’' less vigorous than the onginal 

Pure cultures V ere obtamed without special difficulty’' from the ennchment cul 
tures by the shake culture method of Bum (1902) A sohd medium of the same 
composition as the ennchment medium proved to be satisfactory Oxy^gen waa 
removed from the culture tubes by^ the use of a mixture of pyrogallol and potas 
Slum carbonate Within 20 to 30 hours’ incubation at 37 C, the agar in the more 
heavily’' inoculated tubes vas split by’- gas, but at the higher dilutions a few well 
isolated colomes developed vithout apparent gas formation After about 24 
hours’ incubation at 37 C colomes were visible up to the sev enth or eighth dilu 
tion, but only’' at lover dilutions was the agar spht by^ gas 

The colomes of the lactate-decomposing bactena are generally compact, fluffy 
dark gray’' spheres composed of filamentous outgrov^ths They are coarsely’’ lohed 
and rough-edged, they eventually reach a diameter of 1 to 2 mm The consist 
ency’' of the colomes is such that the organisms can be easily drawn into a micro* 
pipette or transferred vith an inoculating needle 

By the repeated use of the shake culture method, mne strains were isolatea 
in pure culture Each vas derived from a different soil 

Morphological characteristics All mne strains are very similar m appearance 
(figure 1) The average cell dimensions are 0 8 by 4 6 microns, the vanation 
in width being from 0 7 to 0 9 microns and in length from 3 to 8 microns Spore^ 
develop after about 40 hours’ incubation in a favorable medium, they are o\ 
in shape and are usually located subterminally’' where they cause a distinct bulge 
in the cell The average spore size is 1 1 by 1 5 nnerons Young vegetah^^ 
cells are actively motile by means of 20 or more pentnehous flagella At 
stage they are gram-positive In old cultures most of the cells become gri® 
negative Cells generally^' 
seen When first isolated 
on subsequent cultn ation 


occur singly’’ oi in pairs, though short chains can 
three strains appeared to possess small capsules, 
in a vanety of media, no capsules could be observ 


in any’' of the strains 

Phy^ologtcal and cultural charactenstzes All nine strains are similar m ph}^ 
logical characteristics They are obhgate anaerobes and their developmen^^^ 
favored by the addition of a reducing agent such as sodium thioglycolate to 



medium Ihe following compounds uc ic^dily fcimentcd when supplied in a 
basal modnun cont lining 3 \ oluniob pei cent yeast autolysate and the usual salts 
glucose, fuulose, gilactose, mannose, xylose, uabinosc, ihamno^c, lactose, su- 
ciose, maltose, ticlnlo^e, laflino-c, dextiin, glycogen, staich, \3hn, mannitol, 
inositol, inulm, soihitol, uid dulcitol (ilyceiol and lactate aie attacked veiy 
feebly in this medium IIowc\ei, if 0 S pei cent sodium acetate is also added, 
both glyceiol and lutite ue dccompo'^cd Mgoiousl}'' Acid and a moderate 
amount of gis ne loimed fiom the eai])oh3^di ites and pol^'^alcohols The acid 
is genci illv i mixtuie of .uetie and but3ii{ uids (see below), and the gas is a 
mixtnic of In di ogen and c ailion dioxide Ii on milk is s]ightl3’’ acidified without 



Fig 1 Clostiiidium lacto acetoihiium Strain 3, Fort\ Eight Hour Cllturb 
Grown in Medium 1 with 0 1 Per Cent Agar 

Free spores arc visible in the background X 1,000 

clotting, and a vei y small amount of gas is f oi med Xiti ate is not i educed , indole 
IS not f 01 med in a glucose 3^east autotysate medium A little h3chogen sulfide 
IS formed 

Stiain 3, wdiich w^’as used foi most of the latei expeiimental woik, glows at 
tempeiatures fiom 16 to 46 C The optimum appears to be close to 39 C The 
pH range is fiom 5 6 to 8 4, good growth occuning between pH 6 2 and 7 4 
The oigamsms giow'” well in a mixed sodium and potassium phosphate buffer m 
concentiations up to 2 pei cent, with 2 4 pei cent buffer giowth is poi cept ibly 
inlnbited 

Classification All the stiains studied clcaib^ belong to one species winch is 
evidently closely i elated to Clostridium hxdynciim as defined In Bcrgc3 et al 



384 


J V BHAT V^D H V B VBKLR 


[voL 54 


(1939) Ho^^e^e^ , it is definitclj stated tliat the lattei species is unabk tofer 
ment lactate Tw o lactatc-fei inenting closti idia have been dc^enbod m the liter 
atuie, Closindium iyrohuhjncxim of \an Bejnum and Pette (1935), fxndGrann 
lohaclcx laclohutijixcus of Bcijcimck (1893), but noithci of the^c organisms appears 
to be able to attack the vide \aiict'\ of caiboh3diates and polyalcohols fermented 
b3 our bti ains Bcijcnnck states that G laclobuiyi ten^ is unable to attack carbo- 
h3"di ates at ill C Uj) ohniy) 7CH77} is desci ibcd as iisuall3" fermenting only glucose, 
fiiictose, and lactato In mcv of the impossibiht3’' ol idcntif3ing our organism 
vith an3 picvioiislv desenbed species, vc have decided to call it Closlndim 
lactO‘acclop}nhi77i, no\ spec , foi reasons vliich a\i 11 appeal bclov Furthen\ork 
nia3 pIO^c that this oigani'-m is identical vith some othei species not nov leeog 
mzed to be able to feimcnt lactate because the fei mentation test vas earned 
out m the absence of acetate (see belov) IIovcAer, in the meantime thenaule 
C laclo-acctop}nhi77} will sen e to identif}" lactate-fcimenting but3nic acid bactena 
of the type ve ha^e desci ibcd 

A^utiihonal uqxmcmnxis Shoitty nftoi pine ciiltuies of C lacl^ acetopJnlwn 
veie first isolated, using a solid lactate 3^east autol3"satc medium (mednim 1), 
the organism v as inoculated into a liquid medium of the same composition except 
foi the absence of agai Growth in tins liciuul medium was cxtiemeb spar&e 
The addition of 0 1 pei cent agai lesultcd in a slight impiox ement, and the nddi 
tion ot 2 pel cent agai allowed model at el3'" good giowth The failure of the 
oiganivTu to glow sutisfactonl3 in liquid medium 1 could not be due to oxjgen 
inhibition since the addition of 0 05 pei cent sodium thiogbmolate as a leducmg 
agent did not cau^e \x\y impiovement 

\n attempt was made to impioxe the liquid lactate 3 east autotysate mediui^ 
b\ adding x aiious substances to it, including laigci amounts of 3 east autofy&ste 
It soon became exadent that gioxxth in the liquid medium is almost piopoition 
to the xeast autobsate concentiation up to a lex’^el of about 30 xmlumes pci cent 
This in itself x\ ould not be suipnsmg x\eie it not foi the fact that 20 xoliunespci 
cent xeast autobsate aie icqimcd to gix^e as good giowth m the liquid niedainj 
as (an be obtained xxath onlx'' 3 xolumes pci cent in an othei wise identical so 
me dium 

Piexious cxpoiimcnts conducted in this laboiatoi3 (Baikei, 1947 , BornslciD 
and Raikei) xxath anothei bacteniim, Closindtxn)} Uxnjvai, had shown that an 
abnoimallx high leqiui ement foi 3’^east autotysate ma3 be due to a need for ace 1 
acid, w Inch is alxi a^^'s pi esent in yeast autob^sate in small amounts Wc there or 
tiled adding 0 3 pci cent sodium acetate to the liquid lactate medium contaiRi| 

3 volumes pei (ent xeast autobsate The lesults weie xei3" stnkmg, ^ 
gioxxdh occmied m the piesence of acetate, xilieieas m its absence giowti^ 
extremely pool Quantitative expeiiments on the 1 elation betxveen acetate 
centiation and grox\th measmed xxath an Ex^eb’^n coloiimetei shoxi^ed t a 
gioxxi;h rate and the maximum cell 3neld mciease xxith sodium acetate conce^ 
tion up to about 0 8 per cent Table 1 shows that the total amount of at 
decomposed also inci eases with the initial acetate concentiation 

Seveial othei substances xxeie tested to detei mine whether they can su s« 
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for acetate in stimulating groivth and lactate decomposition The substances 
EO tested Mere formate, propionate, butyrate, fumarate, succinate, malate, tar- 
trate, citrate, pyruvate, ethanol, and glucose The}’’ were used at concentrations 
of 0 1 and 0 5 per cent Both lactate and lactate-acetate media were used as 
controls It w as found that only pyruvate can substitute for acetate in favonng 
both growth and lactate decomposition Glucose, either alone or in combination i 
- mth lactate, supports very good growth, but it does not accelerate the disap- 
pearance of lactate 

It should be noted that C laclo-acctoplnlum differs markedly from C Muyvert 
With respect to the substrates that can be substituted for acetate The latter 
organism can use propionate, butyrate, and to a lesser extent valerate, but cannot 
use pyruvate 


TABLE 1 


The dependence of growth and lactate decomposition on the acetate supply 


INITIAL acetate 

LACTATZ DECOIOHKED 

KELATTVE GROWTH 

mu f 100 ml 

mu/100 ml 


0 05 

0 44 

177 

0 79 

1 89 

446 

1 52 

2 89 

680 

2 26 

3 78 

1 809 

3 00 

4 67 

888 

3 73 

5 22 

982 

4 47 

5 78 

! 1,107 

5 94 , 

6 22 

1,177 

7 40 

6 55 

1,192 


Medium sodium lactate, 8 8 mil per 100 ml, yeast autolysate, 3 volumes per cent, the 
Balts of medium 1, and the indicated sodium acetate concentrations All cultures were 
meubated 3 days at 37 C under anaerobic conditions Strain 3 


When 0 6 to 0 8 per cent acetate is added to the culture medium, the concentra- 
tion of yeast autolysate needed to give maximal growth is greatly reduced 
About 3 volumes per cent is quite adequate, whereas at lower concentrations 
the cell yield decreases However, the yeast autolysate level can be still further 
reduced to about 0 1 volume per cent without limiting growth if the medium is 
supplemented with 0 01 pg biotm and 10 pg pam-aminobenzoic acid per 100 ml 
A few attempts to replace yeast autol 3 ^ate completely by known growth factors 
and ammo acid mixtures were unsuccessful In a medium contaimng lactate, 
acetate, biotin, para-aminobenzoic acid, and 0 01 volume per cent yeast auto- 
lysate, the organism failed to respond favorably to any of the following com- 
pounds or preparations thiamine, mcotimc acid, nboflavin, p 3 iidoxine, fohe acid, 
acid-hydrolyzed casein, peptone, and tiyptone 
The following medium (medium 2), which supports excellent growth of C 
^to-dcetophilum^ was developed on the basis of the foregoing experiments so- 
dium lactate, 1 g, sodium acetate, 0 8 g, yeast autolysate, 0 5 ml (0 05 g dry 
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weight), sodium thioglycolate, 0 05 g, (NIDsSO^, 0 05 g, MgSO* 7Hj0, OOlg, 
KjHPO^, 0 05 g, FeSO« 7HsO, 0 002 g, biotm, 0 01 fig, para-aminobenzoic acid, 
10 fig, distilled water, 100 ml, pH 7 Heavier growth is obtained if lactate is 
replaced by glucose 

Fcrmoniahon products The observation that the amount of lactate decom 
posed IS dependent upon the inital acetate concentration suggests that acetate 
IS consumed in the lactate-acetate fermentation This possibihty was vented 
experimentally, and the products of the lactate-acetate feimentationinagroTOUg 
culture were determined quantitatively by methods previously described (Barker 
and Haas, 1944) The mam products are butync acid, caibon dioxide, and 
hydrogen (table 2, column 3) 

The influence of acetate concentration on acetate iitihzation and butyrate for 
mation is shown in table 3 Only at the low’est initial concentration is there a 


TABLE 2 


FermentaUon products 


COXEPOtrVD 

ztmemizsT 

COXTUltE 

rUJttCULTUS£ STSXm3 

Substrates ^ 

Lactate, 1% 

Lactate 1% -f 
acetata, 0^% | 

Pyruvate 1% 

Glucose, 1% 

Acetic acid 

50 

-32 

33 

28 

Butyric acid 

35 

65 

33 

73 

Carbon dioxide 

55 5 

100 

93 


Hjdrogen 

10 

59 

! 30 

1 182 

Carbon recoi er} (%) 

98 

i 99 

97 

90 

Hedox index 

1 39 

! 1 05 

0 96 

1 12 


! 






The figures represent pelds in moles per 100 moles of fermented substrate Kach 
dium contained the salts of medium 1, 3 volume per cent yeast autolysate, and the indica 
substrate concentrations Cultures were incubated at 37 C until fermentation ceased 


net production of both acetate and butyrate At higher acetate concentratiocs 
there is al^isays a disappearance of acetate, which increases with concentration 
It should be noted that added acetate 3s never entirely used up The final 
centration is always above 1 millunole per 100 ml In this respect acetate 
haves quite differently from most other substrates, hke glucose and lactate, 
under favorable conditions are completely fermented by this organism ^ 
planation for this anomalous behavior appears to be that the utihzation of aceta 
depends upon the concentration of butyrate Column 5, table 3, shows th^ ^ 
butyrate-acetate concentration ratio m the fermented medium never exceeds^ 
value of about 2 6 and is remarkably constant and independent of the 
acetate concentration over a wide range This indicates the existence of 
sort of equihbnum between acetate and butyrate The ratio of but3rate f‘ 
to acetate used (column 6, table 3) is more vanable than the final concenu** 
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ratio The former ratio is infinite at the lowest acetate level, indicating that all 
the butyrate is denved from lactate At intermediate acetate levels, approxi- 
mately one mole of acetate is used for each mole of butyrate produced At bgher 
levels, the molar quantity of acetate used considerably exceeds the butyrate 
formed Since it is theoretically impossible to use more than one mole of acetate 
plus one mole of lactate in the formation of one mole of butyrate, this result must 
mean that some other product, such as acetone, is being formed under these 
conditions 

The lactate-acetate fermentation is evidently analogous to the ethanol-acetate 
fermentation of C Uuyven In the latter process, the ethanol is oxidized to an 
active form of acetic acid, which condenses with the substrate acetate to give 
an intermediate compound that is ultimately reduced to hntync acid (Barker, 

TABLE 3 


Influence of acetate concentration on the lactate acetate fermentation 


nm/lOO ut 

riNAI. BUXyEATE 

SUTYKATE FOSUEn 

Acetate 

Butyrate lormed 

BINAI. ACETATE 

ACETATE USED 

Added 

Final 

Used 

0 05 

0 41 

-0 36 

0 295 

0 72 ; 

00 

1 27 ! 

1 04 

0 23 

1 24 

1 19 

5 39 

2 49 1 

1 01 

1 48 

2 23 

2 21 

1 51 

3 76 

1 13 

2 58 

' 2 95 

‘ 2 62 

1 02 

4 93 

1 50 

3 43 

3 90 

2 60 

! 1 14 

6 15 

1 82 

4 32 

4 74 

2 60 

' 1 10 

7 37 

2 03 

5 34 

5 27 

2 60 

' 0 99 

8 59 

2 14 

6 45 

5 55 

2 60 

0 86 

9 81 

2 25 

7 56 

6 85 

2 60 

0 77 

11 03 

3 93 

7 10 

4 72 

1 61 

0 66 

12 25 

5 20 

7 05 

3 47 

0 67 

0 49 


Medium no 1 contaimng 3 volumes per cent yeast autolysate, 1 per cent sodium lactate, 
and the specified amount of sodium acetate was used The cultures were incubated for 5 
days at 37 C until fermentation had ceased Strain 3 


Kamen, and Bornstein, 1945) In the lactate-acetate fermentation of C lacto- 
Qcetophtlum lactate is evidently oxidized to carbon dioxide and acetic acid or a de- 
nvative thereof It wiH be noted that one mole of carbon dioxide is formed per 
mole of lactate fermented as is required of such a mechamsm As in the C 
kluyven fermentation, butync acid is probably formed by a condensation of two 
moles of acetic acid or related compound, followed by a reduction The postu- 
lated fermentation mechamsm may be schematically represented as follows 

CHsCHOHCOOH = CH3COOH + CO2 + 4H (1) 

2H = H2 (2) 

2CH3COOH + 4H = CHsCHsCHsCOOH + 2HsO (3) 

The need for an outside supply of acetate in the decomposition of lactate may 
be explained by considering the oxidation-reduction relations involved in the fer- 














390 


J V BHAT AND H A BARKER 


[voL 54 


like C hutyhcuviy C acelobuiyUcum^ and Buiynbaclenum reitgen, also use acetate 
as a primary oxidant, even though they do not need to have it supplied from 
an outside source In such organisms, accessory oxidants, such as carbon diox- 
ide, butync acid, oi acetone, are available to supplement acetic acid In addi 
tion gaseous hydrogen may be formed 
Our results explain why previous investigators have had so httle success in 
growing butyric acid bactena on lactate media in pure culture Their bactena 
did not lose the abihty to ferment lactate, as has commonly been supposed, they 
simply were unable to oxidize lactate in the absence of acetate When acetate 
was unintentionally added, as was done by van Beynum and Pette (1935) through 
the use of large amoimts of yeast extract, the bactena grew and decomposed 
lactate It seems likely that the abihty to ferment lactate and glycerol is much 
more widely distnbuted among butync acid bactena than has been previously 
reported At least some species that are now thought to be unable to attack 
lactate and glycerol will probably be found to do so when acetate is added to 
the test media The addition of 0 5 per cent sodium acetate to all media for 
butync acid bactena will probably be found advantageous 

SUMMARY 

The isolation and charactenstics of a lactate-fermentmg butync acid bac 
tenum, Closindtum lacto^acetophilum) nov spec , are descnbed It is shown that 
the decomposition of lactate by this organism is dependent on the presence and 
simultaneous utihzation of acetate The role of acetate in butjmc acid fermen- 
tations IS discussed 
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i\NTIBIOTIC PRODUCTION BY MARINE MICROORGANISMS^ 

WILLIAM D IlOSENFELD' and CLAUDE E ZoBELL 
Scripps Inslttuiton of Oceanography ^ Umverstiy of CaUfornxay La Jollay California 

Rccci\cd for publication Juno 17, 1947 

The ixiultipbcation of most nornnanne bactena is inhibited b}'' sea water (Ko- 
finek, 1927) ZoBcll (1941) found that only fiom 4 to 15 per cent as many bac- 
tena from soil, sew age, and oilier fresh-w atcr or tcrrestnal sources formed colonies 
on nutnent agai prcpaied with sen water as on a similar medium prepared with 
distilled water Sen water is also bactericidal for many nonmarine bactena, 
gram-positivc organisms being more sensitive tlian gram-negative forms (Beard 
and Meadow croft, 1935, ZoBcll, 193G) This w^as demonstrated by suspending 
pure or mi\cd cultures of bactena from vanous fresh-water sources in sea water 
or other mineral solutions and determining the peicentage of survival after dif- 
ferent penods of time Although gram-negative organisms display resistance to 
the lethal action of sea winter, their viabihty m this medium varies widely among 
different species In an investigation employing cntenc bactena, Trawinski 
(1929) reported surMval penods in sea water ranging from 12 hours for Shtgella 
dysenimac to 23 days for Salmonella cnienizdts Carpenter ei al (1938) noted 
that natural sea water killed 80 per cent of the orgamsms m sewage within half 
an hour 

The bactenostatic and bactencidal effects of sea water are greater than can 
be accounted for upon a basis of its sahmty or osmotic pressure Not only is 
natural sea water more bactencidal than synthetic sea w^ater (ZoBell, 1946, Zo- 
Bell and Feltbam, 1933), but it is also more bactencidal than heat-treated sea 
TOter (Kinbayashi and Aida, 1933, Waksman and Hotchkiss, 1937, ZoBell, 
1936) De Giaxa (1889) observed tliat pathogens i apidly pensh in raw sea water, 
although they may survive almost indefinitely in heat-treated sea water Water 
from the Black Sea was found by Erassilmkov (1938) to be germicidal for ter- 
restnal bactena until it was boded He confirmed the observations of Beard and 
Meadoweroft (1935) and ZoBell (1936) that the bactericidal potency of sea water 
was decreased but not destroyed by passing it through Berkefeld, Chamberland, 
Coors, or similar filters 

Lacking the properties of bacteriophage, the bactencidal property of sea water 
IS attnbuted pnmanly to its content of antibiotic substances produced by micro- 
organisms Credence is lent to this view by the observation that the bactencidal 
principle occurs m greatest concentration in samples of sea water recently col- 
lected from zones of maximum bacterial population The experimental results 
reported below demonstrate the production of antibiotic substances by several 
species of microorganisms native to the sea 

* Contnbutions from the Scripps Institution of Oceanography, New Senes No 327 
This paper is a contribution from the Amen can Petroleum Institute Research Project 
43A 

* Present address California Research Corporation, La Habra, Califonua 
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EXPERIMENTAL RESULTS 

Fifty-eight pure cultures of manne imcroorganisms were tested for their anti 
EQicrobial activities The cultures employed as potential antagonists were taken 
from a collection previously described by ZoBell and Upham (1944) and we 
maintained in a medium of the following composition 


Difco peptone 

5 Og 

Difco yeast extract 

1 Og 

(NHO^SO* 

1 Og 

FeS04 (NH4 )jS04 6 H 2 O 

0 Ig 

Aged sea water (75 per cent) 

1,000 ml 


The solution was adjusted to pH 7 4 to 7 6 before autoclaving When a solid 
medium was required, 2 0 per cent of agar was added to this solution prior to 
stenhzation 


TABLE 1 


Antimicrobial behavior of manne microorganisms 


ANTAGONISTIC GENUS 

SPEOES TESTED 

SPECIES DTHTBirniO 

WATEK Oa TESKESniAl 
OHGAOTSUS 

Bacillus 

9 

4 

Micrococcus 

6 

3 

Actinomyces \ 

2 

1 

Serraiia 

1 

1 

Pseudomonas 

19 

0 

Vibrio 

11 

0 

Flavohactenum 

5 

0 

Achromohacter 

4 

0 

Sarcina 

1 

0 

Totals 

58 

9 


All fresh-water or terrestrial species were tested to ensure their growth in this 
sea-water medium before subjecting them to the effects of manne antagonists 
Both antagonistic and test mocula were taken from cultures grown for 48 hours 
at27C 

Antimicrobial effects were surveyed m pour plates, each contaimng 20 ml of 
nutnent agar and seeded with 0 2 ml of a test culture After the medium had 
sohdified, the marine species under investigation weie stieaked over quadrants 
of the plates, which were then incubated at 27 C Plates were examined at fm 
quent intervals over a period of 17 days for growth suppression of the test or 
ganisms, as evidenced by clearing zones adjacent to the hnes of growth of manne 
antagomsts Table 1 outlines the results noted and summanzes the distnbution 
of antagonistic species among the vanous genera investigated 
Although two antagomstic organisms were gram-negative, the majonty 
species exhibiting inhibitory powers were members of the grara-positive 
and Micrococcus 





The susceptibihty of the test organisms is described m tables 2, 3, and 4 Of 
the 11 gram-positive cultures employed, only Staphylococcus aureus and Sirepto- 


TABLE 2 

Anitmtcrobtal spectrum of manne Bacillus species 


TEST STECIES 

INIOBITEl) BY 





Bacillus anthracis 

+ 


— 

1 

B megatherium 

— 

— 


— 

B mycoides 




-f 

B subtilis 

— 

— 

— 

— 

Corynebactenum pscudodtphihcricum 


- 

— 

-- 

Micrococcus roscus 


4" 

+ 

+ 

Mycobacterium lacticola 

— 

- 

- 

1 - 

Proteus vulgaris 

- 

- 

- 

- 

Salmonella iyphxmunum 

— 

— 


— 

Sarcina luiea 

+ 

+ 

+ 

+ 

Shigella paradysentenae 

— 

- 

— 

— 

Staphylococcus aureus 

— 

— 

— 


S citreus 

+ 

+ 

+ 


Streptococcus faecalis 

— 

— 

— 

— 


TABLE 3 

Aniimicrdbial spectrum of marine Micrococcus species 


TEST SPECIES 

INHIBITEB BY 

if inartpuntceus 

if sedtmcftkus 

if tnfimuj 

Bacillus anthracis 

-h 

— 

* 

B megatherium 

— 

— 

* 

B mycoides 

— 

— 

— 

B subtilis 

— 

— 

— 

Corynebactenum pseudodiphihencum 

— 

- 

* 

Micrococcus roseus 

— 

— 

— 

Mycobactenum lacticola 

+ 

- 1 

* 

Proteus vulgans 

- 

— 

— 

Salmonella iyphxmunum 

— 

— 

1 — 

Sarcxna luiea 

+ 

+ 

! + 

Shigella paradysentenae 

— 

- 

♦ 

Staphylococcus aureus 

— 



— 

S extreus 


1 — 

* 

Streptococcus faecalis 


1 -- 

* 


* This species not tested 


coccus faecahs failed to undergo inhibition by one or more marine species Three 
gram-negative species were tested, and none of these was susceptible 
An attempt was made to demonstrate the presence of the inhibitory pnnciple 
m cell-free solutions prepared by iSltration of the antagonistic cultures The 
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inhibitory organisms \\cre grown in the bioth descnbed above for penods of 9 
to 11 days, after which they were passed through Seitz or Handler filters The 
reaction of all filtrates approximated pH 8 and in each case was adjusted to pH 
7 2 before employment of the stenie solutions as inhibitor}'’ agents Pour plates 
of susceptible organisms were prepared in the manner already outhned Stenie 
discs of filter paper were saturated with the culture filtrates and apphed to the 


TABLE 4 

AnUmicrohial spectrum of marine microorganisms 


TEST SPECIES 

nmiBITED BY 

Acttrunnycts 

mannoJtmosus 

SerrahM tnsrtMrvhra 


Bacillus anthracis 




B megatherium 

+ 

+ 

B mycoides 

+ 

— 

B subtilis 

— 


Corynebacterium pseudodiphthericum 


- 

Micrococcus roseus 


! — 

Mycobacterium lacticola 

— 

- 

Proteus vulgaris 

— 

— 

Salmonella iyphimurium 

— 

— 

Sarcina lutea 

+ 

— 

Shigella paradyscnteriae 

— 


Staphylococcus aureus 

— 


S citreus 

— 

— 

Streptococcus faecalis 

— 



TABLE 5 

Decreases in antimicrobial activity resulting from filtration of antagonistic cultures 


ANTAGONIST 


Speaes 

Filter 1 

Tested 

I 

Actinomyces marinolimosus 

Seitz 

4 


Bacillus borborohoites 

Mandler 

6 


B abysseus 

Seitz 

5 


B ihalassokoiies 

’ Seitz & Handler 

4 


B submarinus 

’ Seitz 

1 4 


Micrococcus maripuniceus 

Seitz 

' 4 


M sedimenieus 

Handler 

1 


Serraiia marinorubra 

Handler 

3 



SXJSCXmBIX SPEOES 

InHbilc<i 

1 
1 
1 
0 
1 
0 
0 
0 


agar surface Such plates were incubated for 6 da}^, dunng which 
examined frequently for the presence of inhibition zones The results are gi 
in table 5 

Little antagomstic activity was displayed by the cell-free preparations ^ 
though such results may suggest that the inhibitory substance is intimate y 
sociated wnth its parent cell, there is the possibihty that the active pnncip e 
removed by adsoiption on the filter 
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DISCUSSION 

Quantitative evidence of the effect of manne microorganisms upon the in- 
lubitory property of sea water has not been obtained However, a presumptive 
interrelationship may be inferred from the incidence of antagonistic species The 
behavior of antagonistic cultures when passed through germ-proof filters resem- 
bles that of sea water, the two undergoing similar deci eases in antimicrobial 
potency Further evidence for this correlation of activity is observed in a com- 
panson of data leported herein wth that testing the effect of sea water upon 
nonmanne bacteria Of si\ organisms shown by I^rassilnikov (1938) to be m- 
hibited b> unlieated sea nater and common to both investigations, only Staphy- 
lococcus aureus failed to demonsti ate a bacteriostatic response to manne bactena 
It IS also sigmficant that the response of test species to inhibition by manne or- 
ganisms appears to parallel the gram reaction This is m accordance with the 
general observation that gram-positive bactena are more often inhibited by sea 
water than are gram-negative species 

Isolations of specific antibiotics produced by marine bacteria have not been 
attempted, but it is evident that various species of microorganisms indigenous 
to the sea elaborate antimicrobial substances The survey reported here, al- 
though very hmited in scope, suggests that the manne environment should be 
considered as a potential source of antibiotics 

SUMMARY 

Of 58 species of manne microorganisms tested, 9 have demonstrated anti- 
biotic activity against nonmanne forms The most actively antagomstic manne 
genera were Bacillus and Micrococcus 

Similanties in the behavior of sea water and of antagomstic manne cultures 
indicate that the bactenostatic or bactencidal activity of the former may be at 
least partially due to an autochthonous flora of antibiotic-producing organisms 

It is suggested that the sea may represent a reservoir of microbial antagomsts 
of possible importance 
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NOTES 

STREPTOMYCIN TOLERANCE OF SAPROPHYTIC 
AND PATHOGENIC FUNGI 

M. L LITTMAN 

Department of Pathology and Bacteriology ^ Tulane University School of 
Medicine, New Orleans, Louisiana 

Received for publication June 16, 1947 

Relatively Lttle information is available concerning the effect of streptomycin 
on the gro^iih of pathogemc fungi Dunng the course of an investigation of 
fungal culture media (reported elsewhere) it became necessary to test the growth 
of a number of saprophytic and pathogemc fungi on agar containing 30 umts of 
streptomycin sulfate per ml (Wmthrop, Cutter) It was observed that growth 
of the following fungi was found to be imaffected by the concentration of anti- 
biotic employed Blastomyces dermatitidis (2 strains), Blastomyces hrasihensis, 
Coccidioides immitis, Hisioplasma capsiUatum, Sporotnehum sckenLti, Hormodend- 
mm pedrosoi, Hormodendrum compactum, Phtalophora verTucosa, Cryptococcus 
neoformans, Candida albicans, Candida Candida, Microsporum audouini, Micro- 
sporiim cams, Microsporum gypseum, Trichophyton schoenlmmi, Trichophyton vi- 
olaceum, Trichophyton rubrum, Trichophyton mentagrophytes, Epidermophyton 
fioccosum, Monosponum apiospermum, Geotnehum sp , Penicillium expansum, 
Aspergillus herbariorum, Rhizopus mgneans, Neurospora sitophila, Fusanum, 
Altemana, Cladosportum, Mucor mucedo 
Although the fungi hsted above may possibly be inhibited by stronger concen- 
trations of streptomycin, their tolerance to 30 umts per ml vitro mdicates that 
systemic and cutaneous infections caused by the pathogemc species are not likely 
to respond well to chmeal treatment with streptomycin 
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NUTRITIONAL STUDIES ON PIRICULARIA ORYZAE' 

F W LEAVER, J LEAL.J and C R BREWER* 

Camp Dclrick^ Frederick^ Maryland 

Received for publication May 7, 1947 

Pinculana oryzac Cav , the cause of the disease known as ‘‘rice blast^' which 
IS commonly found in many of the nce*growing areas of the world, vanes con- 
siderably in quantity and quality of growth on natural media, as shown by 
Henry and Andersen (1944) This paper is a report of the development of 
chemically defined (^‘synthetic”) media for P oryzae with the aim of producing 
growth and sporulation comparable to the best natural media and of reducing 
the degree of variation in comdia production on subculture below that found 
when the fungus is grown on a natural medium such as nee polish agar 

Little IS known of the nutritional requirements of P oryzae Tochmai and 
Nakano (1940) reported gro\vth on a synthetic medium contaming only NH4NO3, 
MgS04, \anthme, glucose, and inorganic salts Attempts m this laboratory to 
confirm their work ^vere unsuccessful 

METHODS 

A simplified medium (chemically defined except for the presence of purified 
agar and acid-hydrolyzed “vitamm-free'' casein) was prepared for the cultivation 
of the fungus All ingredients were included which are commonly required by 
fungi, and several compounds were added which had shown eviden 'e of being 
beneficial in prehminary experiments (table 1) The usual precautions as to 
cleanliness of glassware and punty of reagents necessary in nutritional studies 
were obsen'’ed 

The vitamm-free casein was hydrolyzed with H2SO4, which was subsequently 
nearly neutralized with Ba(OH)2 to remove all but a small amount of sulfate 
After the precipitate was washed with distilled water, the hydrolyzed casein 
Bolution was clarified with charcoal at pH 3 5 to 4 0 until it w^as nearly colorless 
The concentrations of hydrolyzed casein reported m the tables were computed 
on the basis of the ammo nitrogen cont^^nt of the hydrolyzates A bacteriologi- 
cal assa/ of the medium (table 1) wuth Lactobacillus caset showed that it con- 
tamed no biotm, no pantothenic acid, and approximatelj^’ 0 15 Mg per ml of 
nicotmic acid A chemical assays showed less than 0 04 yg per ml of thiamme 

Commercial bacteriological agar was washed three times with a mixture of 
equal parts of pyridine and ethyl alcohol, then ivith distilled w^ater until no trace 

^ Studies conducted at Camp Detrick, Frederick, Maryland, from August, 1944, to No* 
vember, 1946 

* 1st Lt , AUS, T/5, AUS, respectively 

^ We Wish to thank Dr A G Norman, Lt (jg) B W Henry, USNR, lot Lt A L Ander- 
sen, AUS, and Mai W M Epps, AUS, for their suggestions on the botamcal aspects of 
this work, and Miss Betty I Klein for techmeal assistance 

* Analysis by Gapt D H Bornor, AUS 
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of pyridine could be detected by odor, and finally washed three more tunes with 
distilled w ater It was dried at 60 C for a minimum of 3 days All of the growth 
media reported in this paper vere solidified with 2 0 per cent of this punfied agar 
Ail cultures vere grovm in selected 18-by-150-mm pyrex culture tubes m which 
the media were slanted umformly The average area was found to be 9 6 cm^, 
with variations of not more than 0 5 cm^ among individual tubes 
The stock cultures of P oryzae^ were gro^vn on 2 per cent nee polish, 2 per cent 
agar slants Conidia from several 5- to 6-day-old cultures were suspended in 
stenle distilled water by violent shaking The suspensions vere combined and 
used for inoculating the media m each experiment This method produced a 
low concentration of conidia, but the suspension was relatively free from mycehal 
fragments and undesirable material from the rice polish agar slant Ten to 20 
thousand conidia suspended in 0 5 ml of stenle distilled water were added to each 
slant by means of a syringe The suspension was distnbuted over the entire 
surface of the slant by tilting and the excess liquid absorbed on the cotton plug 
Repeated tests showed that for the size of the cotton plug used, the amount of 
excess liquid absorbed vas so small that no contamination occurred because of 
the wetting of the plug Uniform growth occurred over the agar surface, and 
the variation between replicate tubes was held to a minimum 
Four repheates of each medium were inoculated and incubated in the dark for 
6 dsiys In the early experiments, incubation was at 22 to 28 C, m later e\pen 
ments incubation was at 25 to 27 C The amount of growth obtained v>b.s 
estimated \ isually The degree of sporulation was determined microscopically 
by counting m a Howard chamber the sample obtained by suspending the 
comdia m each tube m 10 ml v ater The conidia counts given in this paper are 
averages of four repheate tubes All results on vitamm requirements irere 
analyzed statistically 


RESULTS 

Vttamin requirements The requirements for the B vitamins were determined 
by adding the following vitamins of the B complex to the basal medium (table Ij 
thiamine hydrochloride, calcium pantothenate, nicotimc acid, biotm, d-riboflavin, 
and pyridoxme To test the effects of these vitamins, they Tvere omitted sin^y 
and in groups from a medium contaimng all of these six vitamms The omission 
of nicotinic acid, nboflavm, pyndoxine, and calcium pantothenate had no 
significant effect on the yield of conidia, however, when either thiamine or biotm 
wfis omitted no grow th occurred The results aie summarized m table 1 0 o 
expenments showed that neither p-ammobenzoic acid nor a folic acid con 
centrate*^ affected the growth or production of conidia of P onjzae 

Six levels of biotm were added to a medium containing only chemically ton 
ingredients other than agar to determine the optimal biotm level for growt 

® The culture of P oryzae as obtained from Dr E C Tullis, U S D A , Beftumo 
Texas , 

« We wish to thank Dr R J Williams, Umversity of Texas, for the gift of this to 

concentrate 
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production of conidia The results (table 2) indicate that the optimal level lies 
between 0 001 and 0 01 pg per ml This experiment confirmed, in a more highly 
punfied medium, the pre\ lous findings that no B complex vitamins other than 
thiamine and biotm arc required 

An attempt was made to replace biotin with cysteine and pimehc acid, as 
Eakin and Eakin (1942) have done with Aspergillus niger P oryzae did not 
grow on the basal medium when either cysteine (50 /ig per L) or pimehc acid 
(65 /ig per L) or a combination of both w as added m place of biotm 

TABLE 1 


Effect of B complex vitamins on groxith and prodnehon of conidia by P oryzae 




SPORTS IN THOaSANDS/cir* 

VTTAiaN OinTTED TKOU lIDCTimE* 

CKOWTH 


Subculture no 




1 

1 ^ 

3 

None 

good 

n 



Nicotinic acid 

good 

BSI 



Ca pantothenate 

good 

mmm 



d Riboflavin 

good 

14 0 1 



Thiamine HCl 

none 

0 0 



Pyridoxine 

good i 

12 2 



Biotin 

none 

0 0 



None 

good 

108 

430 

81 

Nicotinic acid ^ 






Ca pantothenate 


good 

102 

670 

203 

d llibofla\ in 





Pyridoxme 


! 




Rice polish agar control 

good 

62 

81 

59 


Medium (g/L) sucrose, 5 0, acid-hjdroljzed “vitamin free” casein, 10, agar, 20, 
K HPO 4 , 0 5 , glycerol, 0 05, oleic acid, 0 05, AlgSO^ 7 H 2 O, 0 5, CaCOj, 0 05, NajCOj, 
0 05, t inositol, 0 04i, guanine, 0 05, xanthine, 0 05, uracil, t 0 1, guanidine HCl, 0 05, 
CuCIj, 0 0001, 85% H 2 M 0 O 4 , 0 00001, H 3 BO:, 0 0005, MnSOi, 0 001 , ZnCl , 0 0005, 
Fe(NH4),(SO02, 0 0005 pH 6 5 =h 0 1 

* Vitamin mixture tg/mJ) nicotinic acid, 7 0, Ca-pantothenate, 2 5, J-nboflavin, 2 5, 
thiamine HCl, 2 0, pyridoxme, 1 0, biotin, 0 01 
t Synthesized by T/5 W L Mosby 

In order to determme whether P oryzae can be continuously cultivated in 
simplified media, the fungus w’’as carried for 6 successive subcultures on a chemi- 
cally defined agar medium and the g^o^vth and comdia pi eduction compared 
with 6 corresponding transfers on a 2 per cent nee pohsh, 2 per cent agar medium 
The degree of variation m sporulation on subculture m the tw^o types of media 
W’as analyzed statistically The results are presented in table 3 It is apparent 
that a good chemically defined medium supports adequate sporulation with less 
Variation on subculture than does the natural medium 
Ntlroqen requirements The requirements of P oryzae for armno mtrogen were 
studied by the omission of each aimno acid from a medium containing a imvture 
of 15 ammo acids The mixture contained glycine, l(+)hsme, d/-\ahne, 
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Z(— )leucine, d^-isoleucme, c?/-threonine, c?Z-phenyIalanme, dZ-methionine, dl 
glutamic acid, dZ-aspartic acid, Z(— )proIme, Z(-~)hydroxyproIme, Z(+)arginine, 
Z(— )tryptophane, and Z(+)histidme m concentrations equivalent to their pro 

TABLE 2 


Determination of optimal hxohn level for growth and comdia production by P oryzae 


BIOTIN OiO/UL) 

SPORE COUNT IN THOUSANDS PER CM* 

VISUAL ESiniATION 0? GROWTH 

0 0 

0 

none 

0 00001 1 

0 

very slight 

0 0001 

4 2 

poor 

0 001 

1,220 

good 


1,880 

good 

0 02 

1,610 

good 


Basal medium (g/L) glucose, 5 0, acid-hjdrolyzed “vitamin-free*^ casein, 10, agar, 
20, 62% potassium glycerol phosphate, 0 9, MgSO^ 7HiO, 0 5, t-inositol, 0 02, guanine, 
0 0066, xanthine, 0 0066, uracil, 0 0066, guanidine HCl, 0 0066, choline Cl, 0 001, thiamine 
HCl, 0 002, CuClz, 0 0001, 85% H^MoO,, 0 0001, H, BO,, 0 0005, MnSO<, 0 001, ZnCl!,00005, 
Fe(NH4)2(SO<)2, 0 0005 pH 6 5 ± 0 1 


TABLE 3 

Companson of vanaHons of contdta produclxon upon subculture of P oryzae on a ncepoltsb 
medium and a chemically defined medium 


SUBCULTURE NO 

2 % BICE POLISH 2 % AGAR UEDIUU 
CONIDIA IN THOUSANDS /CM* 

CHEUICALLY DEFINED UEOIUR* 

conidia in thousands/cu* 

1 

1,700 

896 

2 

771 

' 1,250 

3 

1,860 

615 

4 

2,720 

844 

5 

760 

760 

6 

292 

781 

Total 

8,100 

6,150 

Average 

Mean deviation between 

1,350 

858 

subcultures 

66 3% 

24 9% 


NaCO,, 0 05, glycerol, 0 05, thiamme HCl, 0 002, choline Cl, 0 001, biotin, 
inositol, 0 02, guanine, 0 0066, xanthine, 0 0066, uracil, 0 0066, guanidine HCl, ’ 
H— Itryptophane, 0 0193 (0 0001 m), dLglutamic acid, 0 0144 (0 0001 m), (,,55 

(0 0001 m), i(-)proline, 0 0117 (0 0001 m), H+)histidine, 0 0154 (0 0001 m), 

(to raise amino nitrogen to level equivalent to 0 1% casein), CuCL, 0 0001, 85% ' 
0 00001, HjBOj, 0 0005, MnSOi, 0 001, ZnClj, 0 0005, Fe(NH4)2(S04)2, 0 0005 P 
=h 0 1 

portions m 0 1 per cent casein The single omission of each of the amino aci^ 
from the medium made httle difference in growth or conidia production 
later work it became apparent that any one of several amino acids could 
equally v ell as a mtrogen source, provided a concentration at least equa 
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amino nitrogen of 0 1 per cent casein was used The results of this work, in- 
cluding G successive subcultures, are presented in table 4 It is evident that 
P oryzac can be maintained in subculture in media such as those given in table 4 

TABLE 4 

Ejjccts of various ammo acids and of (NH,),SO, as nitrogen sources in the continuous 

cultivation of P oryzac 

SPOKES m THOUSANDS /CM* 

Subculture no 

1 2 3 4 ^ j I 

1 0 310 247 55 3 101 223 

0 75 42 70 21 21 35 

0 86 213 334 56 0 98 7 89 6 

0 204 S3 3 134 179 56 104 

0 7 

0 147 101 103 128 125 119 

0 7 

0 131 82 6 94 5 129 62 3 76 3 

0 7 

0 204 

0 147 43 4 82 6 26 6 22 8 35 0 

0 131 
0 42 

0 0204 
0 0147 

0 0131 120 179 302 82 6 229 

0 0115 
0 0155 
0 79 

Medium (g/L) glucose, 5 0, agar, 20, 62% potassium glycerol phosphate, 0 9, MgSOi 
7H2O, 0 001, CaCU, 0 0005, NaaCOs, 0 0005, t inositol, 0 02, guanine, 0 0006, 'anthine, 

0 0066, uracil, 0 0066, guanidine HCl, 0 0066, choline Cl, 0 001, thiamine HCl, 0 002, 
biotin, 0 00001, CuClz, 0 0001, 85% HzMoO^, 0 00001, HjBOs, 0 0005, MnS04 0 01, ZnCla, 

0 0005, Fe(NH4)2 (804)2, 0 0005 pH 6 5 =t 0 1 

* Conidia produced in (NH4)2S04 media were morphologically abnormal and failed to 
germinate Subcultures in (NH4)->S04 media were made by mycelial transfer 

t Glycine w as added in each experiment to raise the concentration of amino nitrogen 
to that of 0 1% casein 

Experiments were then undertaken to determine the various sources of organic 
nitrogen, other than ammo acids, which are available to this fungus Two basal 
niedia were used, one containing no organic nitrogen (except that in 0 01 /ig per 
ml biotin and 2 0 Mg per ml thiamme HCl) and the other containing 12 5 Mg per 


111 
5 6 
244 
200 

120 

132 

72 8 

252 


NITROGEN SOURCE 


Casein 

(NH4) 804* 

Glycmet 

dl Tryptophane 
Glycmet 

dl Glutamic acid 
Glycmet 

dl Leucine 
Glycmet 

d/-Tryptophane 
dl Glutamic acid 
dl Leucine 
Glycmet 

/(*-)Tryptophane 
dl Glutamic acid 
f(— )Leucme 
^(— )Proline 
l(+)Histidine 
Glycmet 
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ml of total organic nitrogen of which 3 7 /zg per ml were ammo nitrogen The 
compounds to be tested were all added to the basal medium m 0 1 per cent con 
centration The results are presented in table 5 Although a large number of 
widely diverse nitrogenous compounds supported growth and conidia formation, 


TABLE 5 


Effects of various nitrogen sources on the growth and s-porulalxon of P oryzae 


TEST COMPOUND* 

*'niteocen free*' basal 
MEDIDU t 

“mTROOEN FBEE" BASAL UEDIUH PUB 
UIXTURE OF NITROGENOUS NUTBIESlSf 

Growth 

Conidia in 
thousands/ 
cm* 

Growth 

Com 

thousa 

1 

dia in 
nds/cm* 

2 

Casein 

+++++ 

790 : 

4-+4-4- 

235 

200 

GI3 cine 

d — 1 — }-+ 1 

113 

+++ 

409 

369 

Betaine 

+ 1 

0 

4-4-4- ' 

83 3 

61 6 

€ NH_ caproic acid 

+ 1 

0 

4-4- 

31 5 , 

74 2 

Guanidine HCl 

+ 

0 

4-4-4- 

S3 3 

57 4 

Urea 


7 0 

+++ 

110 

72 8 

Thiourea 

0 

0 

0 

0 

0 I 

Nicotinic acid 

+ 

0 

++ 

41 3 

46 2 

p NHz-benzoic acid 

+ 

0 

++ 

0 

35 

Uracil 

+4- 

7 0 

+++ 

10 5 

553 

Uric acid 

+++ 

' 14 0 

+++ 

67 9 

120 

Caffeine (citrated) 

4- 

! 0 

++ 

78 4 

32 2 

Triethanolamine 

4- 

0 

+++ 

34 3 

63 0 

Ethanol amine 

4- 

0 

1 — j — |- 

20 3 

350 

Choline chloride 

4- 

0 

* -f — 1 — b 

44 8 

36 4 

Hydroxyl amine 

0 

0 

' 0 

0 

0 

NH4CI 

0 

0 

! 4 - 


9 8 

None 

0 

0 

' 4 - 


37 1 


* All compounds except NH4C1 were tested at 0 1% concentration The pH was a 
justed to 6 5 ± 0 1 before inoculation of the media NH4CI was tested at 0 06% concen 
tration, equivalent to 0 1% casein 

t “Nitrogen-free^* basal medium (g/L) glucose, 5 0, 62% potassium glyceroptos 
phate, 0 9, agar, 20, MgSO^ 7H O, 0 1 , CaCOj, 0 05, Na CO3, 0 05, z-inositol, 0 02, 
mine HCl, 0 002, biotin, 0 00001, CuCl , 0 0001, 85% H2M0O4, 0 00001, HjBOj, OOOOor 
MnS04, 0 001, ZnCL, 0 0005, Fe(NH4)2(S04)2, 0 0005 pH 6 5 0 1 

t Mixtures of mtrogenous nutrients Gug/ml in final medium) guamne, 6 6, xan ^ ' 
6 6, uracil, 6 6, guanidine HCl, 6 6, choline Cl, 1 0 


a-amino acids were required for full activity The ammo acid requirement 
apparently satisfied by glycme alone 

With the medium (table 4) containing the six ammo acids (gb^’ciu®, tryp 
phane, histidine, leucine, proline, and glutamic acid), choline, mositol, 
guamdme, uracil, and xanthme "were omitted fiom the medium singly ao 
group to determine whether any of these compounds are essential m an 
basal medium The results (table 6) indicate that none of these 
essential for growth or conidia production during a period of 4 subcu 
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Some of the compounds named may be beneficial in stabilizmg the gro\vth and 
conidia production of the organism 

Some of the media were altered for use m submerged cultures by reducing the 
content of agar to 0 1 per cent Heavy g^o^vth was observed, but conidia were 
not formed m liquid cultures injubated in aerated bottles No attempts were 
made to induce conidia formation m submerged cultures by nutritional altera- 
tions A slialving machine for aeration by agitation was not available during 
this vork, its use might prove valuable in produemg submerged sporulated 
cultures 

TABLE 6 


Effects of certain accessory growth factors on growth and 'production of conidia by P oryzae 



1 

SPORES IN THOUSANDS/CM* 

compound oiutted rsou uediuu 

1 

Subculture no 



1 i 

2 

3 

4 

None 


222 

1,420 

362 

998 

Choline Cl 


78 4 

778 

1,350 j 

511 

Inositol 


81 2 

491 

314 

330 

Guanidine HCl 


109 

312 

167 

360 

Guanine 


95 2 

225 

1,450 

750 

Xanthine 


104 

557 

1 1,130 

213 

Uracil 

Choline Cl 


137 

878 

i 918 

692 

Inositol 

Guanine 

Xanthine 

Uracil 

Guanidine HCI 


146 

347 

1,280 

i 

I 

943 

i 


Medium Same as given in table 4 including the six ammo acids listed together The 
compounds named above "were used in the concentrations given in table 4 


Conidia of P oryzae produced in chemically defined media have shovm 97 to 
99 per cent germination^ and have been found as infective® for the nee plant m 
the greenhouse as conidia produced on natural media 

DISCUSSION 

On the basis of these studies, the nutritional requirements of P oryzae appear 
to be relatively nonspecific except with regard to the vitamins, thiamine and 
biotin being the only ones required This fungus requires orgamcally combined 
nitrogen (preferably a-amino acids), but a large number of compounds in which 
the nitrogen exists in ammo, cychc, imino, or quaternary combination mil 
support groivth and conidia formation No complete investigations vere made 
of the essentiality of some of the other components of the medium, especially the 
morganic ions 

^ We wish to thank Capt J W Marek, AUS, for performing the germination experiments 

» We wish to thank S/Sgt T L Morgan, AUS, for performing the infectivity experi- 
ments 
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Although the fungus grew more uniformly on the chemically defined media 
than on natural media, such as nee pohsh agar, the degree of variation was 
considerable with all media The variabihty of the quantity of growth m 
repheates prevents accurate evaluation of nutrients the effects of which are 
quantitatively of a low order Perhaps further nutntional investigations would 
lead to greater uniformity, especially if submerged dispersed growth m hquid 
media could be used in place of surface growth Although the production of 
comdia was less vanable on an adequate chermcally defined medium than on a 
natural medium (table 3), when certam of the pure nutrient compounds were 
omitted from chemically defined media to determine their essentiahty (tables 4 
and 6) the resulting cultures were sometimes as vanable as those on nee polish 
agar 


SITMMART 

Thiamme (2 ;ug per ml or less) and biotm (0 01 jug per ml) are required for 
growth and comdia formation by Pmculana oryzae Other B comple\ vita 
mins are not reqipred 

P oryzae requires organically combined mtrogen, preferably a-amino acids, 
but can use many types of orgamc compounds m which the mtrogen exists in 
ammo, imino, cychc, or quaternary combination 

P oryzae can be mamtained successfully m subculture on chemically defined 
media, the degree of variation and the yields, viabihty, and the degree of gemunn 
tion and infectmty of comdia companng favorably with cultures grown on 
natural media 
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Bemhem (1941, 1942) reported that sodium benzoate and sodium sahcylate 
increased the 0x3 gen uptake of tubercle bacilh Lehman (1946a) reported that 
the respiration of virulent tubercle baciUi vas stimulated by sodium sahcylate 
but that the respiration of aAnrulent tubercle bacilh vas not On the basis of 
this work Lehman (19466), attemptmg to find a substance which would be 
bactenostatic to tubercle bacilh, tested more than 50 denvatives of benzoic acid 
for their bacteriostatic actmty The most active substance found vas para- 
ammosaheyhe acid (4-aiiiino-2-h3’'dro\ybenzoic acid — ^PAS) This substance 
was bactenostatic m a concentration of 0 15 mg per 100 ml for the BCG stram of 
the bo\nne type of Mycoiacienum tuberculosis and, accordmg to Lehman, exerted 
a favorable effect on chmcal tuberculosis In a more recent communication, 
Lehman (1946c) amplified his earher vork and apparently observed some re- 
tardation of experimental tuberculosis of guinea pigs after 7 days’ treatment 
with PAS 

Youmans (1946), m a preli min ary commumcation, reported that PAS was 
highly bactenostatic for 12 virulent strains of human type tubercle bacilh and 
exerted a suppressive action on experimental tuberculosis of rmce 

The present paper details further work on the tuberculostatic activity of 
p-ammosaheyhe acid both in vitro and in vivo 

METHODS 

The tuberculostatic acti\aty of PAS^ was tested in vitro by the method de- 
senbed previously (Youmans, 1944, Youmans and Doub, 1946) by detennimng 
the least amount which would completely inhibit the subsurface growth of 
0 01 mg of tubercle bacilh per ml of synthetic medium These tuberculostatic 
tests were also done in S3mthetic medium to which was added enough bovine 
serum to make a final concentration of 10 per cent The effect of sodium salicy- 
late and para-ammobenzoic acid (PABA) on the bactenostatic power of PAS 
was tested by incorporating the former substances m media m vhich dilutions of 
PAS were prepared The test materials were incubated at 37 C, and the results 
were read at the end of 14 days The human type strains of tubercle bacilh 
tested had been isolated from patients with tuberculosis withm the preceding 

^This work was aided by a Research Grant from Parke, Davis Company, Detroit, 
Michigan 

* Prepared for this purpose by Leonard Doub and Martin L Black of the Research Labo- 
ratories, Parke, Davis & Company , Detroit 

409 



410 


YOTOIANS, RALEIGH, AND YOmiANS 


[VOL 54 


year and a half, ith the exception of the standard H37Rv strain In addition, 
one stock bovine type strain and one avian type, as veil as the avimlent rapidly 
groving strain no 607, were used Six of the human strams vere streptom}cm 
resistant (Wilhston and Youmans, 1947) 

The effect of PAS %n vivo vas determined by infecting mice^ intravenously 
with 0 1 mg of the H37Rv strain as previously described (Youmans and Me 
Carter, 1946, Youmans and Williston, 1946) PAS was incorporated in fte 
desired concentration m the mouse diet vhich consisted of a povdered food 
obtained by grinding Rockland Farms complete mouse ration pellets and passing 
them through a sieve m order to eliminate coarse particles PAS vas used m 
these mouse experiments m the form of both the hydrochlonde and the free base, 
with the latter compound one mole of sodium bicarbonate vas added for each 
mole of PAS The mice vere fed the diets containing PAS for 28 days, starting 


the day before they vere infected with tubercle bacilli 

In untreated control and corresponding treated senes, ammals remaining alive 
at the end of 28 days v^ere sacrificed by exposure to ether ^apor, veighed, and 
eviscerated At that time, random tissue specimens v ere removed and cultured 
on Herrold’s glycerol egg yolk agar and a vanety of other media designed to grow 
most types of orgamsms The viscera were then fixed %n ioto in 3 7 per cent 


foimaldehyde solution Subsequently they^ were dissected and only the larger 
pEirenchymatous organs, i e , lungs, hvers, kidneys, and spleens, were retained 
These w ere re-examined after fixation, and an e^ aluation of the extent of the 
lesions was made on the foUowmg basis zero (0), apparently normal, plus or 
minus (dr), no definite lesions but a questionable deviation from normal, one 
plus sign (+), less than 10 per cent involvement, two plus signs (++)> 
to 25 per cent mvolvement, three plus signs (+ ++), 25 to 50 per cent 
ment, and four plus signs (++++), 50 to 75 per cent, or possibly more, of tte 
organ composed of grossly pathologic tissue Notation was also made of the 
predommant type of lesion, tuberculoid or patchy’’, present m the lungs Be- 
cause pre^uous experience m this laboratory had mdicated a high degree o 
constancy m the lesions produced by this method, only sample tissues vere 
selected for sectiomng from animals in which the greatest or least pathologic 
change seemed probable These tissues w^ere dehydrated and embedded m 
paraffin according to the usual techmque, and sections were cut at fi've micro^ 
Each was stained with hemotoxyhn and eosm and by the Ziehl-Neelsen car o 
fuchsm techmque for acid-fast organisms The extent of microscopic invo v 
ment was tabulated on the followung basis zero (0), apparently normal, 
plus sign (+), less than 10 per cent of the organ involved, tw^o plus signs (+ ^ 
10 to 25 per cent replaced, three plus signs (+++), 25 to 50 per cent invo ve 
and four plus signs (++++), 50 to 75 per cent, or possibly more, of the org 
replaced by pathologic tissue Notation wms made of the predominant tyjc 
lesion present, necrotic-exudative or proliferative Sections stained for aci ^ 
bacilh and studied by oil immersion w’ere graded on the following basis zero 
no acid-fast bacilh seen, one plus sign (+), a few smgle, or clumps of 4 


» Strong A strain 
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intra- or evtra-cellular organisms observed m occasional fields, two plus signs 
(++), moderate number ot single organisms or groups of 4 or 5, observed intra- 
or extra-cellularly in about half of the fields, three plus signs (+++), solitary 
bacilli or clumps of mtra- or evtra-cellular organisms seen in more than half of 
the fields, and four plus signs (++++), single organisms, clumps, and large 
masses of bacilli found within and outside cells in more than half the fields 
Experiments ^\ere also conducted in which both streptomycm and PAS were 
administered to mice infected with tubercle bacilh In these experiments the 

TABLE 1 


Bactcnoslahc effect of p-amtno sahcyltc acid on slTepioniycin sensitive and sireptomyciTi' 

resistant strains of tubercle hanlti 


STRAIN NO 

TYPE 

concentration in mc per IOO ml which completely 

INHIBITED CRO\VTH 

Without plasma 

With plasma 

H37Rv 

Human 

0 078 

0 156 

H37RvR» 

Human 

0 039 

0 039 

100 

Human 

0 078 


lOOR 

Human 

0 019 


23 

Human 

0 039 

0 156 

23R 

Human 

0 039 

0 078 

24 

Human 

0 019 

0 039 

24R 

Human 

0 019 

0 019 

69 

Human 

0 019 

0 039 

69R 

Human 

0 039 

0 078 

97 

Human 1 

0 0095 

0 019 

97R 

Human 

0 019 

0 019 

111 

Human 

0 156 


1 

Human | 

0 078 

0 156 

11 

Human 

0 039 

0 039 

12 , 

Human 

0 07S 

0 078 

18 

Human 

0 019 

0 019 

48 

Bovine 

No growth 

0 039 

37 

Avian 

0 625 

! 0 625 

607 


>100 0 

1 


* R indicates a streptomycin-resistant strain 


PAS was administered in the diet as before, whereas streptomycin in distilled 
water was given in 2 daily subcutaneous injections of 0 2 ml each, 8 hours apart 

RESULTS 

Table 1 shows the in mivo bacteriostatic effect of PAS on the strains of tubercle 
bacilh employed All of the strains except one were mhibited by very loiv con- 
centrations of PAS The human strains appeared to be approximately equally 
Sensitive to the bacteriostatic activity of PAS, and furthermore this activity was 
not markedly affected by the presence of 10 per cent bovine plasma There vas 
no Significant difference between the results obtained with the streptom} cin- 
sensitive and resistant strains The one bovine strain appeared to be assus- 
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ceptible as the human strains, whereas the one avian strain seemed to he slightly 
more resistant to the bactenostatic activity of PAS The rapidly growing 
avirulent strain no 607, however, was highly resistant to the bactenostatic 
activity of PAS, growth occurnng even m a concentration of 100 mg per cent 

It should also be noted that the bactenostatic activity of PAS for human type 
tubercle bacilli was of approximately the same order as that of streptomycin, 
since in most cases less than 1 microgram per ml of medium completely inhibited 
growth 

Table 2 shows the effect of the number of organisms m the inoculum on the 
in vitro bactenostatic activity of PAS The bactenostatic activity of this 
compound, as has been observed with the sulfonamides and the sulfones, is 
markedly affected by the number of organisms present Ho^^ever, even with 
inocula which in this experiment gave groivth in a concentration of 10 mg per 
cent there was still partial bactenostatic activity m a concentration of 0 156 mg 
per cent, as determmed by companng the growth m these tubes with the control 


TABLE 2 


NO OF TUBE a CI^: 
BACTU.I IN MO 
PEE lit OF 





CONCENTEATIO t OF PAS 




MEDIUM 

I 10 0 

1 

Bl 


1 25 

0 625 

0 312 1 

0 156 

0 078 

0 039 

0 019 ; 

CoctroU 

0 01 





mi 

— 






— 

— 

S 1 

G 



— 




— 

— 

— 

S 

S 

G 

0 03 

— 



— 

— 


s 

s 

u 

G 

G 

0 04 


— 


s 

s 

s 

M 

M 

G 

G 


0 05 

S 

S 

s 

s 

s 

M 

M 

G 

G 

G 

r 

G 


— == no growth, S ~ slight growth, M = moderate growth, G = good growth 

When PAS was tested m a medium containmg 0 1 mg PAJBA per 100 mlj 
bactenostatic activity was reduced to one-sixteenth of its former value Al 
though this reduction of bactenostatic activity is not great, it possibly indicates 
that the bactenostatic action is, at least in part, due to anti-PABA action 
If the activity of PAS is due to its antisahcylate effect, as imphed by Lehman 
(19466), one would expect sodium salicylate to have some anti-PAS action 
However, the bactenostatic activity of PAS was not influenced by the presen^ 
of sodium salicylate in the medium in concentrations of 0 1 and 1 0 mg p^r 1^ 
ml Lehman (1947) also failed to observe any interference by PAS with 
stimulation of respiration by salicylates 
The combined bactenostatic activity of PAS and streptomycin m vitro 
also tested In all cases, however, the degree of bactenostasis was no gron 
than the sum of the mdividual activities of the two substances 
Table 3 shows the in vitro bactenostatic activity of 13 derivatives of PAS 
salicylic acid ^ In all cases the bactenostatic activit}*’ is markedly less than t 
ofPAS 

* These compounds prepared by Leonard Doub and Dr L L Bambas, Research ^ 
tones, Parke, Davis & Company, Detroit, Ivlichigan 
























Referring to table 4, it Mnll be noted that inclusion of a 2 per cent concentration 
of para-ammosalicylic acid in the diet prolonged the average survival tune of 
mice infected with 0 1 mg of H37Rv to 27 9 days as compared mth the average 
survival time of 20 2 days for the control series Inasmuch as all the treated 
animals but two survived the time limit of the experiment, and one of these was 
accidentally killed, it is piobable that the actual differential is greater than that 
apparent Although the treated animals did not expenence the expected 
weight gam for their age (about 5 to 10 grams in 4 weeks), the average final 
weight was about equal to that recorded initially This compares favorably 
with the average weight loss of 5 8 grams for the control ammals Again it will 
be noted that the treated animals averaged 17+ gross pulmonary involvement 

TABLE 3 


Badenosialtc activity of derivatives of p -aminosalicylic acid and derivatives of salicylic acid 

on M tnherculosis {H37Rv) 


COMPOUND 

LEAST AMOUNT IN MC/IOO ML 
WHICH COMPLETELY INHIBITS 
CEOWTH or M H37Rv 

P“AminosaIicyclic acid 

0 039-0 078 

6 Ammo 2 hydroxybenzoic acid i 

>10 0 

4 Amino-2 hydroxybenz amide 

10 0 

Ethyl-4 ammo 2 hydroxy benzoate 

2 5 

4 Ammo 2-methoxybenzoic acid 

>10 0 

4 Acetylamino 2 hydroxybenzoic acid 

10 0 

m Ammophenol 

>10 0 

Salicylic acid 

10 0 

2 Methoxybenzoic acid 

>10 0 

2 Hydroxybenzyl alcohol 

10 0 

3 Hydroxybenzoic acid 

>10 0 

4-Amino-2 hydroxybenzene sulfonic acid 

>10 0 

Thiosahcylic acid 

5 0 

4 Amino-2 hydroxybenzene arsoinc acid 

5 0 


fls compared with the average of 3 8-f- in the control senes Qualitative histo- 
pathologic changes m the treated and untreated groups were related in reciprocal 
manner Thus the majority of the control animals exhibited greatly enlarged, 
tubercle-beanng lungs, the umt lesion of which was of necrotic-exudative charac- 
ter with large numbers of bacilli Conversely, the majority of the treated 
animals* lungs were smaller and were the site of proliferative changes with fever 
mycobacteria present These findings suggest a lack of general tissue toxicity or 
depression of the defensive mechanism The predominance of the proliferative 
lesions at prolonged survival times, hence longer evolution times for the unit 
lesions, implies a depressive influence exerted on the bacteria or a stimulating 
influence on resistance In view of the iti vitro effectiveness of this compound it 
seems logical to assume that at least the greater portion of this effect v as exerted 
upon the bactena diiectly 

Increasing the concentration of the drug to 4 per cent m the diet resulted m a 
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xeduction of average survival time to 14 4 days and the disproportionately great 
average weight loss of 6 3 grams for this short survival period The histo- 
pathology of the unit lesions was m keeping with the short survival tune These 
data indicate a toxic effect exerted by the drug on the body tissues m general 
When PAS was employed in a 1 per cent concentration in the diet, survival 
time was prolonged to the limits of the experiment, whereas the average control 
animal survived 20 8 days Here again, the actual differential is probably 
greater than that apparent The treated animals experienced an average weight 
gam of 1 2 grams as compared with the average loss of 5 1 grams for the control 
senes Whereas the extent of gross pulmonary change m the treated animals 
averaged 2 9+ as compared with the average of 3 8+ for the control senes, the 

TABLE 4 


Effect of p-aminosahcyhc acid on expenmenlal tuberculosis of white mice 


NUMBER OF 
MICE 

PER CENT PAS 
IN DIET 

NUMBER DEAD 

PER cent 
MORTALITY 

AVERAGE 

SURVIVAL 

TIME 

average 

V/EtGHT LOSS 
OR GAIN 

avewcc 
amount C»(KS 

PULMONAIY 

TUBERCUtOSlS 



p-Aminosalicyclic acid hydrochloride 



20 i 

0 0 

■■ 

85 0 

20 2 

-5 8 

3 84* 

19* 

2 0 


5 26 

27 9 


1 7+ 

20 

4 0 


65 0 

14 4 

-6 3 

1 2+ 

20 

0 0 

HH 

75 0 

20 8 

-5 1 

3 9+ 

20 

1 0 I 

0 

0 0 

1 

28 0 1 

1 

+1 2 

2 9+ 



p Aminosalicylic acid (free base) 



15 

■■ 

12 

so 0 

23 6 

: -5 2 

3 8+ 

15 


0 

i 0 0 

28 0 

+1 0 

2 4+ 

15 

WaSM 

0 

! 0 0 

28 0 

-1 2 

1 6+ 

15 

im 

12 

$0 0 

13 2 


2 4+ 







- — ^ 


* One mouse killed accidentally and not included 


proliferative histopathologic pattern, with low bacterial concentrations, 
doimnated m the former group These data follow the same pattern as those 
determined mih the 2 per cent concentration Since the control data for hot ^ 

these senes are closely parallel, comparison of the two treated groups seems va- 
It IS apparent that the 1 per cent concentration permitted a somewhat m' 
extensive pulmonary change, still of chiefly proliferative pattern, and a grea 
weight gam This seeming paradox might be construed as evidence that 
2 per cent concentration was slightly toxic, even though evidence of its tt 
w^as not previously adduced, and that the 1 per cent concentration exerted 
what less depressive action on the bacteria 
Since it w as felt that the toxicity observ ed in these experiments might be^ 
the acidity of the compoimd when used m the form of the hydrochlorr ^ 
next experiment was done employing PAS m the form of the free base, to 
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was added sodium bicarbonate The results, howwer, w’‘ere in every respect 
similar to the first experiment both as to survival time and the extent of the 
gross and microscopic lesions m the lungs (table 4) Tubercle bacilli were 
recovered by culture from both control and PAS-treated animals, but m fewer 
numbers from the latter animals No other types of bacteria were isolated 
From these results it is apparent that PAS is moderately effective m sup- 
pressing experimental pulmonary'’ tuberculosis of mice but is toxic in these 
annuals m concentrations of over 1 per cent Lehman (1947) states that mice 
tolerate well concentrations of this drug up to 5 per cent The reason for this 
discrepancy in our results is not apparent unless the diets which w^ere different 
m Leliman's experiments than m ours might have mfluenced the toxic reactions 
obtained 

Previous experience m this laboratory wuth similarly conducted expenments 
(Youmans and McCarter, 1946) has demonstrated the effectiveness of strep- 
tomycin therapy in prolongmg the sunnxal time and reduemg the weight loss 
of the experimental animals, as w ell as m the reduction of the extent of the patho- 
logic change m the organs and the concentration of bactena in the unit lesions 
Further experience with that antibiotic agent has demonstrated a correlated 
qualitative change in that the pulmonary lesions of the treated animals were 
predominantly of the proliferative type, w hereas those of the control groups are 
prmcipally of the necrotic-exudative type In the experience of the present 
wnters, these favorable patterns are somew^hat more impressive when strep- 
tomycin is employed in optimum subcutaneous dosage than w^hen para-ammo- 
saheybe acid is added to the diet m either 1 or 2 per cent concentration 
Prehmmary work, however, indicates that tuberculous mice treated wuth both 
streptomycin and PAS show a therapeutic response greater than that observed 
wuth either substance alone As the effect appears to be no more than additive, 
the imphcations in the treatment of chmeal tuberculosis are obvious These 
results will be reported m detail in a subsequent communication 

SUMMARY 

Para-ammosaheyhe acid was found to be highly bacteriostatic in vitro for 
virulent human type tubercle bacilh, and this activity was not appreciably 
affected by the presence of serum in the medium The bacteriostatic activity 
was partially reversed by para-ammobenzoic acid but was not reversed b}’’ sodium 
Babcylate Furthermore, the bacteriostatic activity of this compound (PAS) 
wras inversely proportional to the number of orgamsms present in the medium 
One avirulent, rapidly growing, acid-fast orgamsm, no 607, was not inhibited 
by 100 mg per cent para -ammosahcylic acid 

Thirteen denvatives of PAS and saheyhe acid were found to be much less 
tuberculostatic than PAS 

Experimental tuberculosis of mice w as found to be suppressed by para-amino- 
sahcylic acid when it w as administered in the diet m 1 and 2 per cent concentra- 
tions, both when the drug w as given in the form of the hydrochloride and in the 
form of free base Under the conditions of the experiment, 4 per cent para- 
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aminosalicylic acid when administered to mice was highly toxic, whereas 2 per 
cent was slightly toxic 

PAS and streptomycin when admmistered to mice simultaneously appeared 
to exert a suppressive effect on the tuberculous process greater than that of either 
substance alone 
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The salts of ceriuro, lanthanum, and thallium have long been known to possess 
bacteriostatic properties an low concentrations, but there is little information 
m the literature concerning the variability of their toxicity toward different 
species of microorganisms A report of the concentrations of the salts hnutmg 
development of vaiious t 5 T)es of bacteria may have importance in relation to 
their possible use as bacteiiostatic or bactericidal agents 

Bokomy (1894) found cerium compounds relatively much more toxic for 
bactena than for algae Hebert (1907) reported that cerium and lanthanum 
sulfates m concentrations of 5 to 10 grams per liter showed httle toxicity toward 
Aspergilhis mger and yeast Sartory and Bailly (1922) reported that 0 2 per 
cent lanthanum sulfate depressed the growth of Aspergillus Jumtgaius in Rauhn's 
solution and practically inhibited spore formation Froum (1912) observed 
that 0 005 grams of lanthanum sulfate per 100 ml of medium stimulated the 
growth of the tubercle bacillus but that higher concentrations were toxic Froum 
and Roudski (1914) studied the toxicity of lanthanum and thorium for the cholera 
and dysentery orgamsms 

Other mvesti gators “who reported bacteriostatic or lethal effects of salts of 
the rare earth group include Drossback (1897), Brooks (1921), Grenet and 
Drouin (1927), Zirpolo (1924), Froum (1920), Simonmi (1914), Doerr (1920), 
Eisenberg (1918), and Hotchkiss (1923) A general review of the earher litera- 
ture on this subject is found in Buchanan and Fulmer (1930) McKenzie (1941) 
employed thalhum acetate in a medium recommended for the enrichment of the 
streptococci causmg mastitis The effect of cenum on enz 3 ane activity was 
reported by Gould (1936) Olszewski (1932) observed no sigmhcant reduction 
in the bactena of river water when 1 ppm of cerous or cenc chloride or cenc 
sulfate was employed Richards (1932) reported thalhum to be a growth stimu- 
lant for yeast 

The present paper reports a further mvestigation of the bactenostatic activity 
of the salts of cerium, lanthanum, and thalhum 

METHODS 

Thirty-nine species of bacteria, representing 16 different genera, were employed 
m this study Also, 35 species of fungi, compnsmg 18 genera, were used m a 
limited comparison of the mycostatic and bacteriostatic effects of the compounds 
The salts used were cerium chloride (CeCb, cp, E H Sargent), cenum ni^ate 
(Ce(N 03)3 6 H 2 O, cp, General Chemical Co ), anhydrous cenc sulfate 
G F Smith Chemical Co ), lanthanum chloride (cp, E H Sargent), and thalhum 
nitrate (E H Sargent) 
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Other chemicals were used m some of the tests in order to determine their 
effect on the toxicity of the test substances These chemicals included the 
sulfates and chlorides of sodium, magnesium, banum, and ammonium, and the 
chlorides of calcium and lithium Stock solutions of the salts ere made and the 
amount required for each test medium was removed by pipette The tests iiere 
made on petn plates of solidified agar containing the specified amounts of the 
salts The basal medium consisted of 1 per cent Difco peptone and 1 5 per cent 
Difco agar m distilled water Inoculations of the agar plates vere made by 
means of a 1^-mm mchrome wire loop using a 24-hour broth culture Radial 
streak inoculations were made, using 8 cultures to each plate Incubation ivas 
at 37 C except for those soil and water forms which grow better at a lower tem- 
perature and were mcubated at room temperature (22 to 27 C) Observations 
and records were made after mcubation for 1, 3, 3, and 5 days 


RESULTS 


The toxicity of cenum salts for baclena The bacteriostatic action of three 
cerium salts, the tnvalent cerium chloride and cenum nitrate and the tetra 
valent cenc sulfate, w as determined against 40 different species The results 
are presented m table 1 The chlonde was found to be definitely less toxic than 
either the sulfate or mtrate of cenum No significant difference m toxicity 
between the sulfate and nitrate of cenum was noted 

The reaction of the media was not adjusted after the addition of the cenum 
salts, and the pH values were found to vary as follows for cenum chlonde agar, 
6 3 at 0 0002 m concentration to 5 95 at 0 0014 m concentration, for cerium 
mtrate, pH 5 8 at 0 0001 m to 5 65 at 0 0009 m, and for cerium sulfate, pH 67 
at 0 0002 M to 5 4 at 0 0008 m 

The toxicity of cenum mtrate and cenum chlonde vaned relatively httle 
among the different species of bacteria tested, and even fewer vanations were 
observed with cenum sulfate Of the bactenal species tned, Aerobadcr acro' 
genes, Aerohacier doacae. Salmonella aerirycle, and Achromobader lipolyttcu^ 
were most tolerant of cenum The Torula rosea culture proved to be far more 
resistant to the cerium compounds than the most resistant bactena 

The effect of pH and the presence of other salts on the toxicity of cenum compoun s 
In order to determine the effect of pH on cenum toxicity, the media 
pared using cenum mtrate m concentrations varying from 0 0003 m to OiKw 
M, then adjusted to pH 6 0 and 8 0 The results obtained after 2 days' incubation 
are presented m table 2 It w^as obseiwed that at pH 8 0 all cultures excep 
Staphylococcus albus developed without hmdrance m 0 0007 M cenum 
whereas at pH 6 0a considerable number of cultures failed to grow in the u 


M concentration of cenum ^ 

The effect of other salts on the bactenostaiic activity of cerium compounds ^ 
effect of vanous salts which are sometimes used m culture media on the ^^ 
tenostatic activity of cenum compounds was determined by adding t e ^ 
separately to the cenum-contaimng media and observing for bactenal gro 
after moculations It was found that sodium chlonde in concentrations 
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TABLE 1 

The toxicxiy of various cerium compounds for certain bacteria 
Incubation for 2 days 


MOLECULAR CONCENTRATION 


CULTURE 

CcClt 

Cc(NO,)i 

1 Ce(SO.), 

A 

B 



A 


Salmonella paratyphi 








0005 

0 

0004 

0 


Salmonella pullorum 








0005 

0 

0004 

0 


Salmonella schoitmuellen 

0 

ooos 

0 

0010 

0 

0004 

0 

0005 

0 

0004 

0 


Salmonella entcritidis 

0 

ooos 

0 

0010 

0 

0004 

0 

0005 

0 

0004 

0 


Salmonella aerlryckc 

0 

ooos 

0 

0010 

0 

0004 

0 

0005 

0 

0006 

0 


Salmonella gallinarum 

0 

0006 

0 

ooos 

0 

0004 

0 

0005 

0 

0004 

0 

m 

Salmonella suipestifer 

0 

ooos 

0 

0010 

0 

0004 

0 

0005 

0 

0004 

0 


Ebcrthella typhosa 

0 

ooos 

0 

0010 

0 

0004 

0 

0005 

0 

0004 

0 


Shigella sonnei 

0 

0008 

0 

0010 

0 

0005 

0 

0006 

0 

0004 

0 


Shigella dyscntenac 

0 

ooos 

0 

0010 

0 

0003 

0 

0004 

0 

0004 

0 


Acrobacter acrogencs 

0 

ooos 

0 

0010 

0 

0005 

0 

0006 

0 

0006 

0 


Aerobacter cloacae 


t 


t 

0 

0005 

0 

0006 

0 

0006 

0 


Escherichia coh 

0 

ooos 

0 

0010 

0 

0004 

0 

0005 

0 

0004 

0 


Escherichia communior 

0 

0008 

0 

0010 

0 

0004 

0 

0005 

0 

0004 

0 


Escherichia acidilaciici 

0 

ooos 

0 

0010 

0 

0004 

0 

0005 

0 

0004 

0 


Cilrobacter intermedium 

0 

ooos 

0 

0010 

0 

0004 

0 

0005 

0 

0004 

0 


Alcaligenes faecalis 

0 

0010 

0 

0012 

0 

0004 

0 

0005 

0 

0004 

0 


Proteus vulgaris 

0 

ooos 

0 

0010 

0 

0004 

0 

0005 

0 

0004 

0 


Pseudomonas aeruginosa 

0 

0004 

0 

0006 

0 

0003 

0 

0004 

0 

0004 

0 


Pseudomonas oialis 

0 

0006 

0 

ooos 

0 

0003 

0 

0004 

0 

0004 

0 


Pseudomonas graicolens 

0 

0004 

0 

0006 

0 

0001 

0 

0002 

0 

0004 

0 


Pseudomonas syncyanea 

0 

0006 

0 

ooos 

0 

0003 

0 

0004 

0 

0004 

0 


Pseudomonas mucedolens 

0 

0004 

0 

0006 

0 

0001 

0 

0002 

0 

0004 

0 


Flavobacterium sauveolens 

0 

0010 

0 

0012 

0 

0005 

0 

0006 

0 

0004 

! 0 


Achromobacter lipolyticum 

0 

0010 

0 

0012 

0 

0006 

0 

0007 

0 

0006 

0 


Serraiia marcescens 

0 

0010 

0 

0012 

0 

0006 

0 

0007 

0 

0004 

! 0 


Bacillus subtilis 

0 

0010 

0 

0012 

0 

0006 

0 

0007 

0 

0004 

0 


Bacillus mesentericus 

0 

0008 

0 

0010 

0 

0004 

0 

0005 

0 

0004 

0 

liU 

Bacillus mycoides 

0 

ooos 

0 

0010 

0 

0005 

! 0 

0006 

! 0 

0004 

0 


Bacillus fusiformis 

0 

0008 

0 

0010 

1 0 

0004 

0 

0005 

' 0 

0004 

0 


Bacillus metiens 

0 

0008 

0 

0010 

0 

0005 

0 

0006 

0 

0004 

0 


Staphylococcus candidus 

0 

ooos 

0 

0010 

1 0 

0005 

0 

0006 

0 

0004 

0 


Staphylococcus flavus 

0 

0008 

0 

0010 

0 

0003 

0 

0004 

0 

0004 

0 


Staphylococcus aureus 

0 

0008 

0 

0010 

1 ^ 

0007 

0 

ooos 

0 

0004 

0 


Staphylococcus albus 

0 

0010 

0 

0012 

; 0 

0004 

0 

0005 

0 

0004 

0 


Zarema luiea 

0 

0006 

0 

ooos 

0 

0004 

0 

0005 

0 

0004 

0 


Sarcina conjunctivae 

0 

0006 

0 

0008 

0 

0007 

0 

OOOS 

0 

0004 

0 


Rhodococcus agilxs 

0 

0006 

0 

0008 

0 

0003 

0 

0004 

0 

0004 

0 


Rhodococcus rosaceous 

0 

0006 

0 

0008 

0 


0 

0004 

0 

0004 

0 


Torula rosea 

0 

0012 


* 

11 

mm 

1 

* 

0 

OOOS 

— 



A = concentration permitting glo\^th in 2 da 3 S 
B = concentration inhibiting growth in 2 days 
* Inhibiting concentration was not determined 
t Concentration less than 0003 m was not emplojed 
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TABLE 2 

The effect of pH on the ioxiciiy of CeiNOi) for certain haciena 


KOLECOLAE CONCENTRATION 


CULTUEE 

pH 6 

pH 8 

A 

B 

A 

fi 

S paratyphi 

■ 


0 0004 


* 

S pullorum 

0 


0 0004 

0 0007 

* 

S schotlmuellen 

0 

0005 

0 0007 

0 0007 

* 

S enteritidis 

0 

0004 

0 0005 


* 

S aertryckc 

0 

0004 

0 0005 

0 0007 


S gallinarum 

0 

O 

O 

o 

0 0005 


* 

S suipesiifer 

0 

0005 

0 0006 

0 0007 

♦ 

E typhosa 

0 

0004 

0 0005 

0 0007 

* 

S sonnei 


t 

0 0003 

0 0007 

* 

S dysenienae 

0 


0 0004 

0 0007 

* 

A aerogenes 



* 

0 0007 

* 

A cloacae 



0 0007 

0 0007 

* 

E coll 

0 


0 0005 

0 0007 


E communior 

0 

0004 

0 0005 

0 0007 

* 

E acidilaciici 

0 

0003 

0 0004 

0 0007 

* 

C intermedium 

0 

0006 

0 0007 

0 0007 

* 

A faecalis 

0 

0003 

0 0004 

0 0007 

* 

P vulgaris 

0 

0003 

0 0004 

0 0007 

♦ 

P aeruginosa 


t 

0 0003 

0 0007 


P ovalis 


t 

0 0003 

0 0007 

* 

P graveolens 


t 

0 0003 

0 0007 

* 

P syncyanea 


t 

0 0003 

0 0007 

♦ 

P mucedolens 


t 

0 0003 

0 0007 


F suaveolens 

0 

0007 


0 0007 

* 

A lipolyticum 

0 

0007 

* 

0 0007 

« 

S marcescens 

0 

0007 

* 

0 0007 


B subhlis 


T 

0 0003 

0 0007 

♦ 

B mcsentericus 

0 

0003 

0 0004 

0 0007 


B mycoides 


t 

0 0003 

0 0007 

% 

B fustformis 


t 

0 0003 

0 0007 


B meliens 


t 

0 0003 



S aureus 

0 

0006 

0 0007 

11^1 


S Candidas 

0 

0004 

0 0005 

njfwH 

0 0005 

S alhus 

0 

0003 

0 0004 

Is 11^1 

S flava 

0 

0003 

0 0004 



S lutea 


t 

0 0003 

0 0007 


S conjunciivae 


t 

0 0003 



R agilis 

0 

0003 

0 0004 

^BslB 


R rosaceous 


t 

0 0003 



Torula rosea 

0 

0007 

* 




A = concentration permitting growth in 2 days 
B = concentration inhibiting growth in 2 days 
* Concentration greater than 0 0007 m was not employed 
t Concentration less than 0 0003 m was not employed 












TABLE 3 


The effect of 0 4 IX of NaCl and 0 1 u N a SO a on toxicity of CeOSOOa 


CtrLTORE 

Cc(SO«)i 
CONC (il) 

covtrols for 

CefSOOj PLUS 

CcfSOi) 

1 NaCI 

NaiSO< 



Vigor of growth incubation for 2 days 

S 'paratyphi 


— 

4-4- 

44 



4 

S pulloTum 


— 

4-4 

44 

- 

44 

S schotlmucllcn 

0 0008 


444 

444 


44 

S cnicnlidts 

0 0008 


44 

44 

— 

4 

S acrlryckc 

0 0008 

*4- 

44 

44 

— 

4 

S gallinarum 

0 0004 

“f- 

44 

44 

++ 

4 

S suipcsiifer 

0 0008 

- 

44 

44 

— 

4 

E typhosa 

0 0006 

— 

444 

444 


44 

S sonnet 

0 0006 


44 

44 

— 

4 

S dysenteriae 

0 0004 


_l — |- 

44 

4 

4 

A acrogenes 

0 0008 

+ 

44 

44 

- 

++ 

A cloacae 

0 0008 

++ 

444 

44 

— 

44 

E colt 1 

0 0006 

— 

444 

44 


4 

E commumor 1 

0 0008 

— 

444 

444 

— 

4 

C tnlermedium 1 

0 0006 

— 

— h 

++ 


4 

A faccahs , 

0 0006 

— 

444 

++ 


4 

P vulgaris \ 

0 0006 

— 

44 

44 

— 

4 

P aeruginosa 

0 0004 , 

++ 1 

44 

444 

— 

44 

P avails 

0 0004 

H — h 1 

44 

44 

4 

44 

P graicolens 

0 0004 , 

++ 1 

_l — f- 

44 

- 

4 

P syncyanea 

0 0004 

+ 

444, 

444 


44 

P mucedolens \ 

0 0004 1 


44 

44 

— 

! 4 

F suavcolcns 

0 0006 i 

— 

44 

44 

— 

1 44 

A lipolyticum 

0 0008 1 

-h 

44 

-l — f- 

4 

' 4 

S marcescens 

0 0006 

+ 

44 

44 

4 

44 

B subtilis 

0 0006 

+ 

44 

444 

1 — 

44 

B mesentcncus 

0 0008 

— 

44 

444 

' — 

4 

B mycoides 

0 0004 


— h 

1 -{-4-4 

4 

44 

B fusiformis 

0 0004 


-] — h 

' 444 

— h 

44 

B meliens 

0 0004 


-1 — h 

44 

— h 

44 

S aureus 

0 0004 

+4- 

44 

44 

44 

44 

S Candidas 

0 0006 

— 

44 

44 

— 

4 

S albus 

0 0004 

4 — h 

44 

44 

4 

44 

S flavus 

0 0004 

4 — h 

44 

44 

4 

4 

S lulea 

0 0004 

' + 

44 

44 

— 

4 

S conjunctivae 

0 0004 

' 4-4- 

44 

44 

4 

44 

R agilis 

0 0004 

4- 

44 

44 

4 

4 

It rosaceous 

0 0004 

4- 

4-^ 

44 

4 

4 

Torula rosea 

0 0004 

4-4- 

44 

44 

44 

44 


(— ) =3 complete inhibition of growth 
(+) = moderate growth 
(++ ) = good growth 

(+++) = growth better than on nutrient agar control 
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TABLE 4 

The bacteriostatic acitvtly of lanthanum chloride and thallium nitrate 


OHCANISU 

irOLECULAB CONCENTRATIO'? 

Permitting growth 

Preventing growth 

LaClj 

TINO, 

LaCli 

mo, 

S paratyphi 

0 0002 

0 0006 

0 0004 

0 0007 

S pullorum 

0 0002 

0 0006 

0 0004 

0 0007 

S schotimuelleri 

0 0004 

0 0007 

0 0006 

0 ooos 

S enleritidis 

0 0004 

0 0007 

0 0006 

0 ooos 

S aertrycke 

0 0004 

0 0007 

0 0006 

0 ooos 

S gaUinamm 

0 0004 

0 0006 

0 0006 

0 0007 

S suipestifer 

0 0004 

0 0006 

0 0006 

0 0007 

E typhosa 

0 0004 

0 0006 

0 0006 

0 0007 

S conjunciivae 

0 0006 

0 0008 

0 0008 

0 0010 

S sonnet 

0 0004 

0 0007 

0 0006 

0 ooos 

S dysentenae 

0 0004 

0 0005 

0 0006 

0 0007 

A aerogenes 

0 0004 

0 0007 

0 0008 

0 OOOS 

A cloacae 

0 0004 

0 0007 

0 0008 

0 0003 

E coll 

0 0002 

0 0005 

0 0004 

0 0007 

E communior 

0 0004 

0 0007 

0 0006 

0 OOOS 

E acidilaciia 

0 0004 

0 0006 

0 0006 

0 OOOS 

P aeruginosa 

0 0002 

* 

0 0004 

0 0003 

P ovalis 

0 0002 

0 0005 

0 0004 

0 0006 

P graieolens 

0 0001 

* 

0 0002 

0 0003 

P syncyanea 

0 0002 

* 

0 0004 

0 0003 

P mucedolens 

0 0002 

* 

0 0004 

0 0003 

S marcescens 

0 0006 

! 0 0007 

0 0008 

0 0010 

R agilis 

0 0001 

i 0 0005 

0 0004 

0 0006 

R rosaceous 

0 0001 

1 0 0005 

0 0004 

0 0006 

Torula rosea 

I 0 0020 

' 0 0011 

t 

oooso 

F sauveolens 

0 0006 

0 0007 

0 0008 

0 ooos 

A lipolyticum 

! 0 0006 

0 0007 

0 0008 

0 0010 

B subiihs 

' 0 0006 

0 0008 

0 0008 

0 0010 

B mescntencus 

0 0004 

0 0007 

0 0006 

0 ooos 

B mycoides 

0 0004 

0 0007 

0 0006 

0 ooos 

B fusiformis 

0 0002 

0 0005 

0 0004 

0 0007 

B metiens 

0 0004 

0 0008 

0 0006 

0 0010 

C intermedium 

0 0004 

0 0007 

0 0006 

0 ooos 

A faecalis 

0 0004 

0 0007 

0 0006 

0 ooos 

P vulgaris x 19 

0 0004 

0 0007 

0 0006 

0 ooos 

S aureus 

0 0004 

0 0007 

0 0008 

0 0005 

S Candidas 

0 0002 

0 0007 

0 0006 

0 0003 

S albus 

0 0002 

0 0005 

0 0006 

0 0007 

S flava 

0 0002 

0 0005 

0 0004 

0 OOw 

Sarctna luiea 

0 0002 

0 0005 

0 0004 

0 uw* 


* No growth in lowest concentration emplo 3 ed 
t Growth in highest concentration employed 

0 4m depressed slightly or had no effect on the toxicity of cerium 
mcreased shghtly or had no effect on the toxicity of cenum sulfate 
sulfate in 0 1 M concentration markedly reduced the toxicity of 
(table 3), but ■was ■without sigmficant effect when used ^\ith cenum c 











Magnesium chloride (0 5 m) generally diminished the toxicity of cenum 
chloride, but magnesium sulfate (0 5 m) as without effect The chlorides 
(0 5 m) of calcium and barium slightly increased the toxicity of cerium chlonde, 
'whereas barium sulfate, lithium chlonde, ammonium sulfate, and ammomum 
chlonde \\ere ^Mthout significant effect 

The toxicity of ceman chlonde for fungi In all the preceding expenments 
it ^^as observed that the Tonila culture vas far more tolerant of the cenum 
compounds than vere the bactena In order to determine whether other com- 
mon fungi are equall}'’ tolerant of cenum, a yeast extract glucose peptone medium 
was prepared wuth concentrations of cenum chlonde sufficient to inhibit aU the 
bactena employed in this study Thirty-five strains of fungi were inoculated 
on the media by streaking, and the results were read after mcubation for 2 days 
at room temperature 

The following orgamsms were employed Deharomyces iyrocola, Endomyces 
hordei, Momlia Iruseij Mycoderma valida, Pichta fannosus, Saccharomyces cc- 
Tcvmae Frohberg, Saccharomyces of Curtis, Saccharomyces cerevisiae Saaz, Schuo- 
saccharomyces mellacei, Torvla “Hansen” sp , Torula Immicola^ Tonda 
mucilaginosa, Torula sphenca, Tonda dahlia, Tonda colhculosa, Tonila sanguinea, 
Torula “pink” sp , Torula fruchcola, Tonda liconde, Torula fermentali, Torula 
lefyr, Torula laclosa, Tonda Candida, Zygosaccharomyces pnonanus, Zygosac- 
charomyces chevaheri, Vermiculana sp , Fusanum sp , Phytophthora sp , Neo- 
cosmospora sp , Dothiorella sp , Cunmnghamella sp , Tnchoderma sp , Pythium 
sp , Rhizopus sp , and Aspergillus sp 

All the fungus cultures grew as w ell in the presence of 0 0014 m cerium chlonde, 
the highest concentration employed, as in the control medium 

The bactenostaiic activity of lanthanum and thallium The toxicity of lan- 
thanum chlonde and thalhum mtrate for the selected bactena was determined 
by the same methods emploj'^ed m the preceding expenments The results 
are presented m table 4 The order of toxicity of lanthanum and thalhum was 
found to be approximately the same as that of cenum Again, some species 
w ere observed to be relatively more resistant than others The organisms most 
tolerant of the salts were found to be certain species of Bacillus, Serratia mar-- 
cescens, Sarcina conjunciivae, Achromohacier lipolylicum, and Torula rosea The 
most susceptible organisms wrere species of the genus Pseudomonas 

CONCLUSIONS 

The salts of cenum, lanthanum, and thalhum w ere found to be definitely more 
tox c for the bactena than for the fungi included in this stud 3 ^ 

The 39 species of bactena were prevented from growdh in concentrations of 
cenum chlonde varying from 0 0006 to 0 0012 m, in cenum nitrate from 0 0004 
to 0 0008 M, in cenum sulfate from 0 0006 to 0 0008 m, in lanthanum chloride 
from 0 0002 to 0 0008 M, and in thalhum nitrate from 0 0005 to 0 0010 ai 

The toxicity of cenum sulfate for most bacteria was reduced b} the addition 
of sodium sulfate (0 05 m) to the medium, and the toxicity of cenum chlonde 
vras generally decreased by the addition of magnesium chlonde (0 05 m) e 
addition of other salts had httle effect on the toxicity of cenum 
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Since the work of Schmidt, Ward, and CoghiU (1945) on a method for differ- 
entiatmg vanous types of pemcillins by means of two assay orgamsms, veiy 
httle further work has been published in this connection That vanous or- 
ganisms respond to different pemcillm types differently is well known (Veldee 
ei al , 1945, Welch et al , 1944, Libby and Holmberg, 1945, Eagle, 1946, Eagle 
and Musselman, 1946, etc ), but few specific attempts have been made to de- 
velop a quantitative test for specific pemcillm types based on differential re- 
sponse of the orgamsms studied A relatively rough in vivo differential assay 
procedure was recently proposed by Buck, Farr, and Schmtzer (1946) m which 
Borre^lia mfections m mice were used 

With the recogmtion of the vanous penicilhn types have come improved 
methods for separating mixtures of pemcillins into the pure components (Fisch- 
bach et al , 1946, Craig et al , 1946) As these purification methods have been 
mcreasmgly used, the need for accurate differential biological assay procedures 
has been felt more and more The recent pubhcation of Higuchi and Peterson 
(1947) presents a procedure with which they attempted to fill this need 

The method described by these authors employs three test organisms 
Staphylococcus aureus 209-P, Bacillus hreviSy and “orgamsm E ’’ Using a turbidi- 
metne test, they reported that it was possible by their method to estimate 
with fair accuracy the composition of mixtures consisting of pemcillins G, K, 
and X They noted that the assay procedure was based on several assump- 
tions, one of which was that “the effects of pemcilhns m mixtures on assay 
orgamsms are additive 

Since systematic studies on this latter question were under way in this labo- 
ratory 'With Staphylococcus aureus Heatley, the work was augmented after 
obtaimng cultures of B hrevis and “organism E” through the kindness of Dr 
Peterson The present paper includes studies on the effects of known mix- 
tures of several pemcillm types on these three species of orgamsms 

A cursory survey of the literature leads one to beheve that activities assigned 
to each of the various penicillin types actually have been established in some 
cases with mixtures of several types of pemcilhn For example, penicillin F, 
has been reported to have activities of 1,440 to 1,490 umts per mg (Schmidt, 
Ward, and Coghill, 1945) and 1,550 umts per mg (Higuchi and Peterson, 1947) 
Values of 845 to 935 umts per mg (Schmidt et al , 1945), 850 (Coghill and Koch, 
1945), 900 (Welch et al , 1944), and 1,000 units per mg (Libby and Holmberg, 

425 



426 


R DONOVICK, D LAPEDES, AND F PANSY 


[vOL M 


1945) have been assigned to penicillin X The slight shift in the assigned 
activity of penicilhn G from 1,650 units per mg (Welch et al, 1944) to 1,667 
units per mg (Veldee et al , 1945) with consequent shght changes in the relative 
activities of the other penicillin types cannot account for these discrepancies 
The vanous activities reported may be attributable to strams of organisms used 
for assay, to the assay procedures themselves, or to the varying degrees of pu 
rity of the preparations used 

Since the chief purpose of the present work was to study the effect, if any, of 
one penicillin type on the action of another, efforts were made to use only peni 
cillm preparations the purity of which were as thoroughly estabhshed as pos- 
sible 

PENICILLIN PREPARATIONS USED 

Pemcilhn (?* (Cra AS28-S6) This is a crystalline sodium salt prepared from 
commercial peniciUin by chromatography and recrystalhzed several tunes 
The chemical analysis agreed well with theoretical 

Found C, 53 81, H, 4 85 
Calc C, 53 92, H, 4 81 

Craig countercurrent distribution studies of this preparation revealed that 
90 per cent (by weight, 93 per cent of the activity) was contained in the mam 
band, indicating it to be an essentially homogeneous material The remaining 
10 per cent consisted of inactive impurities, possibly inactivation products 
formed dunng the distribution experiment 

Bioassays with Staphylococcus aureus Heatley against previously well estao 
hshed standards showed its activity to agree very well with the defined activity 
of penicillm G, i e , 1,667 units per mg, suggesting a purity at least as good as 
any of the materials used in establishing such standards 

Pemcilhn K'- {AV-73) This is a crystalline ammonium salt obtained y 
partition chromatography The chemical analysis agreed well with the tne 
retical 

Found C, 53 34, 53 10, H, 8 05, 8 12, N, 11 62, S, 8 92, Moisture, (HO) 
3 46 

Calc C, 53 46, H, 8 13, N, 11 69, S, 8 99 

As will be shown later, careful bioassay of this preparation gave an 
of 2,540 umts per mg, which is about 10 per cent higher than the figure o i 
usually assigned to pemcilhn K (Coghill and Koch, 1945) The subtilis 
ylococcus ratio of 0 36 was in good agreement with that reported to be 
acteristic of pemcilhn K (Coghill and Koch, 1945) 

Penicillin X {NRRL-1717-39A) The penicillin X used for tHese stu 
was supphed us through the kindness of Dr F H Stodola, of the Nor ^ 

1 The authors are indebted to Drs O P Wintersteiner and M Adler of the ^ 

Organic Cbemistry of the Squibb Institute for Medical Research for the prcpj 

K used m these studies as 'n ell as the chemical and physical data describing ^ 
rations 
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Regional Research Laboratory, who described it as an analytically pure prep- 
aration having the following analysis 

Calc for CicHitN 058 Na C, 51 6 , H, 4 60 
Found C, 51 8 , H, 4 89 

Their bioassays vith Staphylococcus aureiis (strain not specified) indicated 
an activity of 920 units per mg 


ASSAY PROCEDURE 


Higuchi and Peterson (1947) m their differential assay procedure plotted 
turbidimetnc readings of gro^^dh against units of penicillin per ml When 
large numbers of assays are involved, a technique similar to that used for strepto- 
mycin assay (Donovick et al , 1945) has proved preferable m our hands It is 
perhaps true that readings of partial inhibition, as v ere done by Higuchi and 
Peterson (1947), may be more accurate when the curves, obtained by plotting 
turbidimeter readings against umts of penicilhn per ml, are not steep, which 
was the case vnth their strain of Staphylococcus aureus On the other hand, 
for organisms such as B brevis and “organism E,” the curves were ^ery steep, 
showing a change from little inhibition to almost complete inhibition over a 
very narrow range of penicillin concentrations Hence, it appeared to us that 
little could be gained through the use of a turbidimeter for reading end points 
The three test organisms used for the present w^'ork were Staphylococcus aureus 
Heatley and, as already indicated, tw^o species used by Higuchi and Peterson 
(1947), viz , B brevis and “organism E ” 

Sixteen-hour cultures of the three orgamsms were diluted as follows Sta- 
phylococcus aureus Heatley, 1 X 10~® in yeast beef broth (Difco), B brems,^ 
0 25 X 10 ^ in “Peterson broth, and “orgamsm E”, 1 X 10'® m “Peterson 
broth These dilutions gave counts of approximately 1,000 orgamsms per 
ml 

Two-ml volumes of inoculated broths were dispensed wuth sterile automatic 
synnges into sterile tubes measuring 13 by 100 mm The penicillin solution 
to be assayed, appropriately diluted, was then added to the 2 -ml volumes of 
inoculated broth by means of acid-cleaned, sterile, 0 2 -ml Kahn pipettes in the 
Jollowing amounts 0 10, 0 088, 0 077, 0 068, 0 059, 0 052, 0 046, 0 040, 0 035, 


* It Was found to be advisable to grow B brems in a shallow layer of broth to obtain suf- 
ficiently heavy growth in 16 hours to allow the indicated dilution for the tests 

* These media were used by Dr Peterson in some of his early work and w ere recommended 
to us by him (personal communication) They had the following compositions 

PtUnort Peterson * E * 
broth t/hter broth g/hter 


Peptone 

Yeast extract (Difco) 
Glucose 
K HPO 4 
KHjPOi 
pH 


6 0 0 0 

3 0 3 0 

10 2 0 

3 2 0 5 

2 0 5 0 

6 8 6 0 
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and 0 030 ml The lacks containing the tubes of inoculated broth -were kept 
at 5 C prior to the addition of penicillin Three racks at a time (i e , one rack 
of each of the three test organisms) were removed from the icebox, the pem 
cillm was added, and the racks were returned at once to the cold room (5 C} 
When pemcdlm had been added to all the racks for a given day, they were ail 
placed in the appropriate incubators'* at one tune and incubated for 15^ to 16| 
hours 

The tests, after the tubes were vigorously shaken, were read under a fluores- 
cent day lamp Absence of growth was recorded as (— ), an intermediate de- 
gree of growth as (±), and almost complete or complete growth as (+) Tie 
end point was considered to be the last (— ) in a (— ) {+) series, and the mid 
pomt between (— ) and (i) in a (— ) (A:) (-{-) series Since in the preyed 
mvestigations the concentrations (by wei^t) of penicillin in the solutions tested 
were known, the minimal inhibiting concentrations (MIC) were readily ealcu 
lated from the volume of penicillin solution added to the end pomt tube 

Early m the present studies aqueous solutions of each type of peniciUm were 
prepared from carefully weighed samples The desired mixtures were made if 
mixing appropriate proportions of the various solutions All samples were 
then dispensed in acid-cleaned, sterile ampoules, in ca 1-ml amounts, and tie 
ampoules sealed and frozen in a CO^-alcohol bath The ampoules were then 
stored m a CO 2 box until used When assays were to be made, enough am 
poules for that days’ work were thawed, and the contents were diluted wi 
distilled water and assayed 

It will be noted that Higuchi and Peterson (1947) expressed penicillin con 
centrations in terms of the standard unit, “m order to compare the results 0 
tamed with previous results ” As a consequence, the algebraic erpres 
sions which they derived for calculating compositions of peniciUm mixtures 
yielded results in units per cent The present authors feel that where tnrw 
test organisms and three or more types of penicillin are involved 
units leads to confusion and obscures various relationships This mil 0 ^ 
cussed more fully beloxv, but suffice it to say for the moment that all 
data were gathered and are here reported in terms of actual weights of petiici 
per unit volume, and the equations given below yield results in percentage uj 
weight It is obvious that the composition of a mixture containing, e g i ^ 
per cent G and 50 per cent K by weight is quite different from one the ac m 


of which consists of SO units of G and 50 units of K 
Tests on known mixtures of two or more tyqies of penicillin were a 
accompanied by controls consisting of tests on solutions containing separa* 
the individual components involved in the mixtures Hence, large 
assays of the solutions containing only single types of penicilhn were c'' 

In table 1 are shmvn the results of the tests on these control solutions 
Comparison of the MIC values shown in table 1 with those given y ‘ 
chi and Peterson (1947) reveals surprising differences in findings ^ 
these differences is uncertain, but several explanations suggest e 


* Slaphylococcus aureus and B 


breits were incubated at 37 C, “organism E 



TABLE 1 


Minimal inhibiiing concctiiraiions of penicillin in terms of weight 


penicillin 

EXrCRl 

UENT 

NO 

U I c 

S aureus (Hcatlcy) 

B bretts 

1 ^'Organism E'* 



fit/ml 

nt/ml 


G (CrA 32S-36) 

1 

0 00790 (27)* 

0 0125 (25) 

0 0311 (23) 

G (CrA-328 36) 

2 

0 00770 (126) 

0 0150 (120) 

0 0308 (120) 

G (CrA-328-36) 

3 

0 00720 (65) 

0 0145 (60) 

0 0329 (55) 

Average G 


0 00755 ± 0 735%t 

0 0146 it 0 957% 

0 0317 rb 0 897% 

K (AV-73) 

1 

0 00463 (8) 

0 0458 (8) 

0 0686 (8) 

K (AV-73) 

' 2 

0 00515 (31) 

0 0475 (28) 

0 0690 (29) 

K (AV-73) 

! 3 

0 00480 (24) 

! 0 0458 (26) 

0 0641 (25) 

Average K 

■ 

0 00495 it 1 29% 

0 0465 ± 1 17% 

0 0670 ± 2 14% 

X (NRRL 1717 39A) 

1 i 

0 0136 (51) 

0 0535 (49) 

0 0283 (43) 

X (NRRL-1717 39A) 

2 

0 0133 (26) 

0 0535 (22) 

0 0277 (24) 

X (NRRL 1717-39A) 

3 

0 0143 (24) 

0 0585 (24) 

0 0289 (24) 

X (NRRL-1717-39A) 

4 

0 0154 (30) 

0 0550 (29) 

0 0342 (31) 

Average X 


0 0140 ± 1 04% 

0 0545 it 1 10% 

0 0295 ± 1 49% 


* Figure in parenthesis represents number of assays conducted on the specific sample 
t The standard errors shown were calculated on the results of the total number of 
assays carried out with a specific preparation The authors are indebted to Mr Ross 
Blue of E R Squibb & Sons for this statistical analysis 


It IS possible that slight differences in media, or perhaps in variations occurring 
in the cultures, between the tune Higuchi and Peterson conducted their tests 
and the time we received these cultures may have accounted in part for these 
differences Probably even more important was that in the present work 
complete inhibition was taken as the end point, whereas some point of partial 
inhibition (but which is not clearly mdicated) was used as the end pomt by 
Higuchi and Peterson (1947) 

The latter authors reported MIC values, for their strain of Staphylococcus 
aureus (209-P), which are close to twice as great as those found for Staphylo- 
coccus aureus Heatley in the present work Though the strams of B brevis 
and “organism E” used for these studies were the same as those used by the 
foregoing authors, the minimal inhibiting concentrations reported by them for 
the various penicillin types studied are quite different from those reported here 
It is interesting, therefore, to note how the results compare when the present 
data are converted into units 

Aissigning to penicillin G its defined activity of 1,667 umts per K 

penicillin used in the present work would have an activity of 1,667 X =: 
2,540 umts per mg, and the X used would have 1,667 X ^ = 898 umts per 
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TABLE 2 


^M^nhxhiHnn concenlrations of penicillin m terme of mils 

TEST ORGANISM 

S aureus (Hcatley) 

S aureus (Hcatley) 

S aureus (Heatle}) ^ 

PENICILLIN 

TiPE 

ACnviTi OF 
penicillin 

UNITS PER MC 

1 MIC 

EATtO OFlf IC S& 
terms Of OMii 

Mg per liter 

Units per 
liter 

G/K 

GA 

G 

K 

X 

1,GG7 

2,540 

898 

7 55 

4 95 

14 0 

12 G 

12 6 

12 b 

' 

1 

B bretis 

B brevjs 

B oreiis 

' G 

K 

X 

1,667 I 
2,540 
898 

14 6 

46 6 

54 5 

1 24 3 

118 1 

48 9 

0 206 

! 

0 49/ 

‘^Organism E'' 
^'Oiganism E'' 
^'Organism E” 

G 

K 

X 

1,667 

2,540 

898 

31 7 

67 0 

23 5 

52 8 

170 1 

26 5 

0 310 

1 ^7 


mg On the basis of these potencies, 
(m terms of weight) m table 1 to M I C 
m table 2 


conversion of the MIC values shoTVB 
in terms of umts give the results sho^ 


rep?rSl hS' 4® absolute {oe,ght) MIC veto 

those of the latter ^tt Peterson (1947), equations veiy similar la 

to^of the latter authors, based on relative (umtage) M I 0 ratfos, m.) b. 


TTH KjVOVA 'vuxtuees containing two ttpes of penicillin 

truly additive^miTf effects of the vanous tj^ies of penicillins mre 

Witlf such two r-nm Containing two types were first studied The findins^ 
were then 3, 4, and 5 Studifc 

listed in table 6 component mix-tures and these results are 

calculated bv mo r hsted under the columns headed “theor ” vreie 

^3 of% below after substituting in 

the effects of thp riA ’ > ° These equations hold true only in so far ^ 

proporS.wl K ? case there .^ould be a direct 

of thlt composition of a given mixture and the MIC 

The folte™ 

volume) of relate the concentration (in terms of weight per 

In a mixftirp f ^be end point to the composition of the mixture 

in a mixture of pemcilhns, let— 

a = per cent, by weight, of penicillin G 

o - per cent, by weight, of penicillin K 

mJ ~ penicillin X 

•ji r -m _Tvr T pemcillin G for Staphylococcus aureus 

^ -y _ -i^r T ° pure penicilhn K for Staphylococcus aureus 

^ o pure pemcdlin X for Siaphylococcus aureus 
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Similariy let — 

MbG = M I C of pure penicillin G for Bacillus brevis 
MeG = M I C of pure penicillin G for “organism E,” etc 
Ms = M I C of mixture of penicillin for Staphylococcus aureus 
Mb =M I C of mixture of penicillin for Bacillus brevis, etc 

TABLE 3 

Mtmmol inhibiting concentrations of 1 noxon mixlnres of penicillins G and K 


COMPOSITIOK* OF 
MIXTURE 


Ms pg per liter 


Mb ns per liter 


‘ ORGANISM e” 


Me ng per liter 



Thcor Found 


0 7 55t 7 55 1 00 






Figures in italics indicate that the data from 'tvhich the ratios were derived were analyzed 
statistically and that the deviations from 1 00 were significant 

* Composition in terras of grams of given penicillin per 100 grams of total penicillin 
t Theoretical figure for solution containing only one component is assigned by defim- 
tion and is equal to the experimentally determined end point 

TABLE 4 

Minimal inhibiting concentrations of known mixtures of penicillins O and X 


COMPOSITION* OF 
MIXTURE 


Ms nz per liter 


Mb ns per bter 


‘organism e’* 


Me ns per liter 


Per cent G Per cent X Thcor Found Theor Found xh^ 


Thcor round * 



Figures in italics indicate that the data from wluch the ratios were derived were ana yze 
statistically and that the deviations from 1 00 were significant 
* Composition in terms of grams of given penicillin per 100 grams of tota ^ 

t Theoretical figure for solution containing only one component is assigne y e 
find IS equal to the experimentally determined end point 
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IS apparently not statistically significant, yet the tendency appears to be jd the 
same direction 

When the mixture consisted of penicillins G and X, deviations reached maxuna 
in two regions, one in the vicimty of 10 per cent X and another at 80 to 90 per 
cent X for both Staphylococcus aureus Heatley and ‘^organism E ” The pic 
ture appeared to be similar here m the case of B hrevis^ but again the deviations 
from theory were not statistically significant 

The data on staphylococcus and ‘‘organism E** m K-X mixtures were very 
mconclusive except m the vicinity of 50-50 mixtures m which the amount of 
penicillin required to inhibit was again significantly greater than expected 
In this case the data on B brevis were quite clear-cut Significantly more 
penicillin was required to inhibit this organism than would be expected in mix 
tures covering the range of 50 to 80 per cent X 

It IS of interest to note that m none of the cases studied was the experimental 
MIC significantly less than the theoretical figure It would appear, there 
fore, that m two component mixtures of penicillins, one pemcillm may inter 
fere with the action of the other, thereby requiring a greater total amount of 
penicillin to cause inhibition than might be expected Since very little is under 
stood of the mode of action of the penicillins, it is not possible at present to 
explain this apparent interference It is not even clear whether these com 
pounds act within the bacterial cell or upon the cell surfaces, nor, in fact, i\hcther 
all the penicillins inhibit growth m identically the same fashion 

If, as a working hypothesis, one were to assume that the pemcillms act witom 
the cell rather than upon the surface, then one might tentatively propose t a 
the apparent interference may actually be caused by differential adsorption o 
the various penicillins at the cell surface as well as differential diffusion into | ^ 


cell This would result m the composition of the penicillin mixture 


inside tis 


cell being different from that outside For example, it can be seen m 
that for Staphylococcus aureus Heatley the experimental MIC of a 
contaimng 20 per cent G and 80 per cent K is equal to the theoretical^^ 
of a 65 per cent G and 35 per cent K mixture On the other hand, for * b 
ism E” the experimental MIC of a mixture contammg 35 per cent G an 
per cent K is equal to the theoretical MIC of a 20 per cent G and 80 per 
K mixture If differential adsorption is in fact the reason for the obsci 
interference, then one might expect pemcillm K to be adsorbed 
than pemcillm G by Staphylococcus aureus Heatley and the reverse to be 
for “organism E Studies on adsorption of penicillin by bacteria ivbic 
under way in this laboratory (Rake el al , to be published) may perhaps 
weight for or against such a hypothesis 

Of course, the interference may be due to competition at a site of aci 
pemcilhn within the bacterial cell, but little can be said about this m 
ent state of knowledge of the mode of action of the penicillins 

STXJBIES WITH MIXTURES CONTAINING THREE TYPES OF PENICH/^ 

The question of deviation of behavior from the expected becomes mu 
difficult to answer with the increase m the number of penicillins inv<^ 
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was assumed, for purposes of calculation, that the effects of the penicillins were 
additive, and equations were derived expressing the relationship between the 
MIC of a mixture and its composition by weight — equations (I), (2), (3), and 
(4) Using these equations the “theoretical” values of Ms, Mb, and Me for 
10 three-component mixtures were calculated, and at the same time these 
values were determined experimentally for these mixtures The comparison 
of these two sets of data is shown in table 6 
It «ill be noted that with Staphjlococcus aureus and B brevis the ratios be- 
tween “theoretical” and experimental MIC values were usually very close 
to 1 0, whereas wuth “organism E” in 5 out of 10 mixtures the ratios mdicated 


TABLE C 


Minimal inhibiting concentrations of knoun mixtures of penicillins G, K, and X 


COMPOSITION* or MixnntE 


Per cent ' 
G 

1 Per cent 
: ^ 


100 

i 0 

' 0 

0 

100 

0 

0 

0 

100 

80 

10 

10 

60 

20 

20 

40 

40 

20 

40 

20 

40 

33 3 

33 3 j 

33 3 

20 

60 

20 

20 

40 

40 

20 

20 ; 

60 

10 

10 

80 

10 , 

80 . 

10 


6 AtniEUS 

B BREVIS 

‘^ORGANISM E'* 

Ms fig per liter 

Mb ttg per htcr 

Mepg per liter 



Found 

Thcor 

Tbeor 

Fouad 

' Found 
Thcor 

Theor 

Found 

Found 

Theor 

7 5St 

7 55 


14 6t 

14 6 


31 7f 

31 7 

1 00 

4 95 

4 95 


46 5 

46 6 


67 0 

67 0 

1 00 

14 0 

14 0 


54 5 

54 5 


29 5 

29 5 

1 00 

7 50 

7 60 


17 0 

16 5 


33 2 

38 0 

1 14 

7 45 

7 50 

BnH 

20 4 

19 5 

BBS W 

34 9 

36 5 

1 05 

6 76 

6 50 

Bill W 

25 2 

25 0 

0 99 

39 5 

39 5 

1 00 

8 19 

8 60 

1 04 

25 6 

25 5 

1 00 

34 4 

38 0 

1 10 

7 30 

7 50 

1 01 

27 7 

25 5 

0 92 

37 3 

39 0 

1 05 

6 17 

6 SO 

1 05 

33 0 

35 5 

1 07 

45 5 

48 0 

1 05 

7 36 

8 00 

1 09 

33 8 

' 37 0 

1 09 

38 8 

44 0 

1 13 

9 n 

9 40 

1 03 

34 5 

33 5 1 

0 97 

33 7 1 

38 0 

1 13 

11 0 

11 5 

1 04 

42 2 

43 4 

1 03 

31 5 I 

37 0 

1 17 

5 49 

4 95 

0 90 

38 6 

37 5 1 

0 97 

54 0 1 


1 02 


* Composition in terms of grams of given pcnicillm per 100 grains total penicillin 
t Theoretical figure for solution containing only one component is assigned by definition 
and IS equal to the experimentally determined end point 


that from 10 to 17 per cent more penicillin than expected was required Al- 
though the experimental error in this work was probably no greater than that 
With the two component mixtures (since the two sets of data were gathered 
under identical conditions), the error in the '^theoreticaP' figures would be sta- 
tistically higher, having been derived algebraically from data on each of the 
three types of penicillin used, and the total error would contain errors from 
figures on each type of penicillin Consequently, no attempts were made to 
^tablish the degree of significance of these deviations Instead, attention vas 
turned to the question of how well the compositions of the various mixtures 
could be calculated from the experimental data 
Going back to equations (1), (2), (3), and (4) it can be seen that, by solution 
'With simultaneous equations, the concentration (per cent by tv eight of tota 
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such precision cannot be expected Hence, it is of interest to know how changes 
in the MIC values will affect the location of the point or points of intersection 
To demonstrate this effect each of the three MIC values used in plotting the 
hues of figure 2 were arbitrarily increased by 10 per cent and new lines plotted 
corresponding to these new M I C values This gave the dotted hnes shown in 
figure 2 

It IS at once evident that a 10 per cent error m both Ms and Mb does not 
shift the point of intersection of these lines nearly so much as it shifts the point 
of mtersection of the Ms and Me hnes In fact, an error of 10 per cent in the 


!00%X 



Fig 2 The Effect of Experimental Errors in M I C Values on 
Calculated Composition op Penicillin Mixtures 


Me value causes its Ime to intersect the Ms line somewhere off the graph 
an imaginary point, smce m the case demonstrated this would mean a nega 
value for a, or less than 0 per cent penicillin G) Exammation of this graP 
mdi cates that Staphylococcus aureus and ‘ 'organism make a poor 
quantitative differential analysis of penicillm mixtures Bacillus 
"orgamsm E” are a somewhat better pair, but the best pair here tested 
phylococctis aureus and B brevis The graph also indicates why the use o 
experimentally determined Ms and Me values (table 6) when used m cqua 
(8), (9), and (10) gave such meamngless values for a', b', and c' (table /; 
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can also be seen why the use of the experimentally determmed Ms and Mb values 
gave fairly good figures for a, b, and c (table 7^ when equations ( 5 ), (6). and 
(7) were employed Thus the use of triangular co-ordinate graph paper in this 
manner cimld be of great aid in the search for organisms best suited for quan- 
titativ6 difiGrential analysis of penicillin mixtures 

The 10 three-component mixtures which were studied were analyzed graphic 
^ly in this manner, calculating the composition from the ex-penmentally de- 
termined Ms and Mb values In figure 3 the compositions calculated m this 

100?. X 
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I'la 3 DiFFERENTIAIi ANALYSIS OF PENICILLIN MIXTURES UsiNG STAPHYLOCOCCUS 
AUREUS AND BaCILLUS BREVIS 


manner are shown as solid points, and the known composition of the mixtures 
are shown as open circles To simplify the appearance of this graph for pur- 
poses of photography some of the Ms and J\lb lines have been omitted, but their 
pomts of intersection (solid dots) are shoini 
It will be noted that only when the content of penicillin G fell below ca 20 
per cent of the total pemcilhn present in a mixture were there marked differences 
between the estimated and known compositions Even these differences may 
have been withm experimental error, except for the case of the mxxture con- 
sisting of 10 per cent G, 80 per cent K, and 10 per cent X In this case the Ms 
value was equal to that for pure K This resulted in the pomt, representing 
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such precision cannot be expected Hence, it is of interest to know how change 
in the MIC values will affect the location of the point or points of intersection 
To demonstrate this effect each of the three MIC values used in plotting th 
hnes of figure 2 were arbitrarily mcreased by 10 per cent and new fines plotte 
corresponding to these new MIC values This gave the dotted fines shown i 
figure 2 

It IS at once evident that a 10 per cent error in both Ms and Mb does n 
shift the pomt of mtersection of these hnes nearly so much as it shifts the poi 
of intersection of the Ms and Me lines In fact, an error of 10 per cent in t 
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Fig 2 The Effect of Experimental Errors in 
Calculated Composition op Penicili i 


Me value causes its fine to intersect the Ms 1 
an imagmary point, since m the case demon 
value for a, or less than 0 per cent penu 
mdicates that Staphylococcus aureus 
quantitative differential analysis of 
“orgamsm E” are a somewhat beti 
phylococcus aureus and B brems 
experimentally determined Ms 
(8), (9), and (10) gave such * 








the staplij^lococcus bievis “oiganism ratio of penicillin F is in the vicinit 3 ’' 
of 8 4 32 58 = 1 SS 6 9 

In the final piuification of piepaiations of the vaiious penicillin tj’pes these 
triple ratios, as has become the custom to c ill them, have been of consideiable 
aid as guidelines 


SUiMIMAR'i 

Using Staphylococcus aineus Heatlej'', Bacillub breviSj and Peterson ‘^oigan- 
ism as test organisms, it has been shown that in mixtures of tw^o tj^es of 
penicillin, moie penicillin is lequiied to cause inhibition of growiih than would 
be expected fiom data on the actions of the mdi\idual penicillin t^qies Until 
the mode (or modes) of action of the penicillins aie bettei iindei stood, this inter- 
ference on the pai t of one tj^pe of penicillin wath the action of anothei cannot be 
explained How"ever,^it is tentatively^ proposed that this phenomenon may be 
caused by differential adsoiption of the various penicillins at the cell surface 
as w’'ell as diffeiential diffusion into the cell 
Equations aie given which show the algebraic relationship between the com- 
position of a given penicillin mixtuie and the weight of total mixed pemcillm 
required to inhibit growth Thiough the use of these equations, as well as 
through the use of a giaphic proceduie employing tiiangular co-oidmate paper, 
it has been shown that only tw o test organisms are needed for the analy^^sis of 
mixtures containing thiee ty’^pes of penicillin and that Staphylococcus ataeus 
Heatley and ^‘organism E” make a pool pair of oigamsms foi such quantitative 
differential analy^'ses A better pan of test organisms is that of Staphylococcus 
aureus Heatley and B bievis How evei , evidence is also presented to show that 
even wnth this pan of oigamsms relatively’’ slight ^ aiiations in the experimentally 
determmed minimal inhibiting concenti ations cause significant vaiiations in the 
calculated composition of such mixtuies Hence, such procedures at best 
give only rough approximations of the composition of penicillin mixtuies and 
are most valuable in the final purification steps of single penicillin ty^’pes 
The graphic procedure desciibed may’’ prove to be of assistance m finding the 
best test organisms foi such diffeiential analy’’ses 

It has been pointed out that w hen essentially pure penicillins are im oh ed 
there are advantages in calculating minimal inliibitmg concentrations in 
terms of weight instead of in units 
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\ mimbei of >Miteis h‘i\ e le^ le^^ ed the ^ aiioii^ methods aihble foi isolating 
autibiotic-pioducing miciooiganisms (Waksman, 1945, Pinschmidt and Levy, 
1944) These methods liave diffeient disadvantages Some in\ohe mdmdual 
testing of e\en oiganism obtained and aie, theiefoie, extiemel^ laboiioiis 
Otheis, ^s the bactciial agai plate, appeal to be of questionable a alne (Waksman 
and Schatz, 194G) Still otheis, foi example, the ciovded plate method (Stokes 
and AVoodvaid, 1942), aie objectionable because the less dominant soil oigan- 
isms tend to be neglected and, in addition, the activity of the obseii ed antibiotic 
colonies is not diiected against a paiticulai test oiganism but against some 
chance soil foim vhicli happens to be in the ^ icinity 

The piesent communication desciibes a spiay appaiatus b^ means of vhich 
agai plates contaimng se\eial oi numeious soil colonies, foi instance, ma^ be 
comemently inoculated vith a desiied test oigamsm and then leincubated to 
detect the antibiotic-producing colonies The advantages of this tieatment 
aie appaient It peimits immediate lecogmtion of gioiAth-inhibiting substances 
specificalty diiected against the test oiganism and emanating fiom antibiotic 
colonies on plates vith numeious inactive oigamsms In this va> indnudual 
testing of vast numbeis of oigamsms piesent in the heteiogeneous soil popula- 
tion, vhich vould ultimately piove to be inactne, is obviated The man}^ 
disadvantages attending flooding plates instead of spia3ung, such as smearing, 
spieading, and oveigiovth of soil colonies vhich may lendei lecogmtion and 
isolation of antibiotic-pioducmg oigamsms impossible, aie laigely avoided 
The spinning technique has led vith a minimum of laboi to the isolation of a 
number of antibiotic-producing oigamsms including Bacillus polymyxa, vhich 
pioduces the antibiotic substance polymyxin (Stansly, Shepheid, and White, 
in piess) 

Although the spiay apparatus has been designed foi the specific puipose given, 
its application in othei problems involving the seeding of agai plates suggests 
itself 


THE SPRAY APPARATUS 

Although a more elaborate spiay appaiatus has been constnicted foi the 
purpose desciibed, a simple device vhich has seived usefull}'’ foi se\eial j'^eais 
mthis laboiator}^ is shovn in figure 1 This appaiatus is constnicted of leadily 
available mateiials, requires no special skill in const) uctmg, is simple to opei ite, 
nnd may be sterilized hy autoclaving 
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As sho^^al m figuie 1, the appaiatus consists of a de Vilbiss medicinal atomizer 
(no 154) connected by fiiction to a compiessed-an cut-off assembly (no 633) 
T\hich has a convenient tiiggei contiol The assembl}^ is connected to the com 
piessed-air hne through a leducing valve and gauge 

The nozzle is inseited into the lo^Aer end of the spiaj^ chambei tlnoiighasmall 
rubbei stopper and glass tubing which is then pushed thiough a no 14 nibber 
stopper A second glass tubmg m the laige stopper is connected to a vater as 
piratoi aftei fiist passmg through a solution of phenol or other disinfectant 
The spray chambei consists of a pyie\ tube 9^ inches long, having an outside 
diametei of 34 inches At the uppei end of the spray chamber where the agar 
plate is held, a gasket vas constructed of 4-inch electiical tape and ne\t to it a 



Fig 1 Bacterial Sprai Apparatus 


baiiier was built up of nibber tape coveied hy electrical tape The gasket 
mits a leasonabl}^ tight fit of petii plates of noimalb’' Aarjang diametci ^ 
bainer allows the petii plates to be held fiimly duimg sprapng wathout danger 
of cnishing the agai In addition, it aids in making an efficient seal to preicn 
leakage of spray The gasket and baiiier have stood up extremely I'ell upon 
lepeated sterilization Soft nibber might well leplace the electneal and ni 
tape used, but was not a\ailable at the time the appaiatus was construe 


OPEHATION 

The spray bottle is filled wath the bacteiial suspension and screwed into 
atomizer The air is turned on to gl^e a pressure of 5 to 10 pounds 
aspirator to gi^e moderate suction, which is maintained until all thcplntC' ‘ 



been spiaA^ecl Aspnation sen es a dual pin pose The ie\ erse cuirent produced 
pie\ents a ho\eiing cloud of spla^ fiom leaking out between the lemoval of a 
spn^ed phte and its icphcement uith a fie&h one A second function of 
aspmtion is to diy the spiayed plates lapidh betoie lemoval 
As a nile, a feu bi lef spi a} s u ith se\ ei al tin ns of the peti i dish suffice to insuie 
an e^en giouth of the test oiganism o\ei the uhole suiface of the petii dish 
Geneialty an undiluted oi a tenth-diluted 24-houi bioth culture of an oigamsm 
such as Sabnonclla schodinucllcn is used Eschenchta coh, Staphylococcus 
auicus, Mycohacic) turn no 607 (AT C C ), and Mycobacienum ranac have also 
gi^en satisfactoi^ lesults 

Despite the somewhat cmde gasket and bainei desciibed, theie is notable 
freedom fiom spia> leakage judging fiom occasion d checks made b}^ exposing 
open agai plates in the vicinit}’' of the taiget petii dnh dining spraying Theie 
IS hkeuise little oi no leakage in the inten al in which a spiayed plate is lemoved 
(aftei a minute of dicing) and replaced Aiath a fresh one, piovided suction is 
maintained If a negatue piessuie is not maintained, innumerable colomes 
wall appeal on the fiesh plate Natuiallj^, good fit ot all paits and adequate 
suction aie impoitant factors in nomimizing spiai leakage Although the 
apparatus desciibed is felt to be reasonably efficient ind safe fiom this stand- 
point, it IS not to be lecommended foi use with virulent pathogens capable of 
causing seiious disease by ingestion oi inhalation 
Undei optimum conditions, one plate per minute can be conveniently spia} ed 
The appaiatus may be disengaged at the junction of the atomizei and cut-off 
assembl}^ Without fuithei manipulation the spia}^ chambei, atomizei, bottle, 
suction hose, and disinfectant wash bottle ma}^ be placed in a pan and auto- 
claved We do not feel it necessary to stenhze the cut-off assembl} 

SUIMMARX 

A method of searching foi antibiotic-pioducmg microoiganisms invohing 
the use of a bactenal spiay apparatus is described Details of the constniction 
and operation of a simple spray device aie given 
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This p'lpei IS a pielimiiiai}’' leport on a lelatuely new technique being em- 
ployed foi coiiti oiling the feeding of insects and the collection of then stools for 
miciobiological studies ^ AYe aie piimaiily inteiested in the possible role played 
b} insects in the tiansmission of disease, paiticuhih enteiic diseases, through 
the agency" of food which they ma 3 ^ contaminxte To the best of oui knowledge 
no conclusive e\peiiments have been attempted on completel}’’ controlled feeding 
of insects to stud 3 ^theii abilit 3 ^to ingest, letam, and to disseminate specific micio- 
organisms Papers by Stemhaus (1940, 1941) and Giei (1947) suggest a feitile 
field foi investigations of this t 3 ’'pe 

The latest complete suive 3 ^ on the lelationship between miciooiganisms and 
insects is probabl 3 '' that piesented b 3 ^ Stemhaus (1946j, and even this excellent 
review offeis little exact infoimation on this paiticulai phase of the subject 
Consequentl 3 ^, oui expeiiments aie based upon techniques perfected laigel 3 '’ 
through trial and erroi We aie indebted, however, to Di LawTence R Penner 
of the Zoolog 3 ’' Depaitment of the Universit 3 ^ of Connecticut for his valuable 
suggestions on the mounting and feeding of the live insects He has emplo 3 ed 
similai methods wath flies in his studies on pohom 3 >’ehtis Aurus 

ArATERIALS 4JSm METHODS 

Our experiments aie being conducted wath Blabenis ciamfei, a laige loach 
common in Floiida Specimens are shipped to us b 3 ’' aii express fiom Ive 3 ^ 
West Because of its laige size (about 3 to 5 cm long and 2 to 3 cm wade in the 
adult stage), this roach is paiticularty well adapted to our feeding studies in 
w^hich not only the quality but also the quantit 3 ’' of food and oiganisms ingested 
can readily be controlled 

By mounting these insects on blocks of paraffin (melting point 51 to 52 C) 
w^e have been able to keep them alive in battery jais under completely con ti oiled 
conditions for weeks at a time The blocks aie first softened by placing them 
in hot water and then aie molded to fit the general contoui of the back of the 
roach By momentarily flaming the paiaffin it can be made to adhere when 
pressed to the back of an insect which has pieviously been placed m the freezing 
compartment of a refrigeiatoi foi about five minutes This chilling procedure 
tends to keep the loach lelatively inactne during the mounting operation 
Once contact of the wings is established with the paiaffin block, a firmer mount 
IS prepared b 3 '’ embedding the edge of the wings with melted paraffin directed 

^ Enngs (1946) has discussed the histon of the use of similar techniques \ anous au 
thors for a number of purposes 
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mannci The tomfoit of the loachoh when King on then bicks appcarbto e 
optimum undei the conditions of the test i 

Stool specimens wcic collected dnecth on igai phtes oi on (liflcrentnlni 
placed below the insect, and these media kept the stools fioni dr^ang 
high luimidity, cine of the nppaient pieieqiusites foi keeping these roaches 
for any length ol time, was maintained placing a small amount of water in 
bottom of the battci y jai (hgiue 2) B\ co\ ciing the top of the jai withnjn 
layers of cheesecloth, contamination of the agai phtes was minimize ^ 
access of an was unimpaned 


Hand feeding of sterile molai solutions of suciose containing a tiace of Difco 
yeast extract u as accomplished \\ ith a tuberculin sj riiige fitted until a 20-gauge 
needle Anv pure cultuies of oiganisms to be fed ueie merely added to this 
sterile basic diet Bi foicing a diop of the liquid at a time from the needle and 
holding it near the mouth paits of the loaches, the insects soon learned to take 
the solution lapidh unthout anj loss through spilling Dr Pennei reports 
that he has kept flies alu e for se\ eral months on nothing more than a [molar 



Fig 2 The Method of Storing the Molnted Insects for Experimental 'U ork 

sucrose solution fed in this manner The fluid mtake a aned considerabty be- 
tween msects, but in general each roach ould consume an a^ erage of between 
0 2 and 0 3 ml pei daj , all in a single mormng feeding The quantity of fluid 
ingested tended to decrease the longer the roach remained mounted Trymg 
to o\ erfeed them al^^ ays resulted in prompt regurgitation, an undesirable reaction 
which we soon learned to control 

There is some e\udence that storage of these roaches at about 30 C mav keep 
them more actne wuth a resulting mcrease in food mtake This is deWable 
if frequent stools are to be passed Experiments are also m progress in which 


IK) 


SI wn ^ I \\ IDIIIKC, \M) NOHM\N \ (lAHKF 


[\ 0 L 54 


\N(' nu' atli'mpiin^ to fcnl iiloK ‘solids in llu hope (Ii it u( mi} bf ahlf toincrc'ie 
(li(‘ niimla 1 and lh(* (H!inlil\ nf stools pis-(d 
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Insufficient difTeientntion is frequently made betueen the production by a 
microorganism of xn autohtic principle, oi in agent which dissolves the cell 
of the organism producing it, and i phage oi transferable pimciplc, which is 
capable of dissoh ing not only the cells of the culture producing it but also those 
of other cultures of the < ime oi othei organisms upon transfei Tins has often 
led to confusion m the inteipietation of ceitam stages in the life cycle of the 
organism oi of some of its metabolic pioces^cs Although much liglit has been 
thrown m lecent \ears on the natuie and mode of action of phages of bacteria, 
the production of such agents by othci micioorganisms, notably fungi and 
actinomy cetc*^, is still insufficiently’' understood The significance of the ability 
of a phage oi a Miuslike agent to attack filamentous micioorganisms in the 
practical utilization of ‘=uch organisms foi the pioduction of various chemical 
agents has recently been emphasized m the discoveiy’' of a phage which has the 
capaciU to attack stieptomy cin-producmg strains of Slrepiomyccs grisens 

The term “bacteriophage” is usually applied to the vnus oi phage of bacteiia, 
and the term “my cophage” to that of fungi By^ analogy^ the teim “actino- 
phage” may be u^^ed to designate the phage of actmomy cetes The oiigin of 
the phage, whether it is carried in the cultuie or bi ought in from outside like any^ 
other contamination, its nature and actnity^ and its similarity’’ to bacterial 
phages form some of the most important problems in the elucidation of this 
natural phenomenon 


HISTORICAL 

The first recorded observations of the tysis of an actmomyces culture and of 
the significance of this reaction in the life cycle of the organism and m the piodiu - 
tion of new strains were made by DmitriefT (1934) and by Dmitneff and Sout^efT 
(193G) A culture of an organism called by the authors Adinomycn hovt^, 
and evidently belonging, according to modem concepts, to the genus Slrep- 
^omyces, was found to undergo lysis m vanous media ^^Tlen the culture was 
growTi on agar media, the pioduction of lysis was found to be associated only^ 
''ith the formation of a certain type of colony The organism produced as a 
result of ly^sis two ty^pes of daughter colonies one was similar to themothcr 
colony and po'^sessed continued capacity foi lysis, the other did not \y^o and was 
morphologically different from the first type The lysing colonies possessed 

^ J^rnal Scries Paper, New Jersey Agricultural Experiment Station, Rutgers Univer- 
^ of Microbiology 

partial support from a grant by the Commonwealth Fund of New York 
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stion^ |)i()t( oh tu pio|)(ili(^ nid app’iurith did not form in\ aonal mycelium, 
tlu nonh sinj; ( olonu s \\m^ If protf oh Ik md forme fl a ( h i!k\ aerial m\celium, 
wliifh (han^f'd lla iciftion of litmus milk to tlkalmf Iii broth (ulturc^, hna 
look phu ( m 2 tfi ^ \\f ( k'', it w is asv.()( i il( d u ilh the Ii\ mj^; org mism and was of 
thonatuHM)fa uon(U7\mitif but uontiansmiss|l)l( hta factor 

^\uMmga ind \\ i( bols (lU ^()) in(M\i(boIs ind W a rmg i (1030) reported that 
\ ai lous u t mom\ ( ( t( ^ isol it< d fi om inba l( d pot ito( ^ uiuU rwent h ^i^ m culture 
3 Ins j)li( nom( non w is Ik la \c d to la dia to tlu proflia t ion of specific traii^mi i 
bl(* )>liag(‘s \ iianis oig iiiisnis Mcddc d ph ig( s uha h \\( H utnc ihouponother 
oig inisms, thus 1 /mi /s j)ioduc( d a pirigf whahuis upon I scnhicsmi 

1 fdicinicu^ I la ->( iine^tigator'' u( n thu^ tla fir^t to c mjdnsize the forma 
tion In actmonn ( ( t( of liltf i ibh ual ti insmi^‘'ibl(‘ igdits comparnble to 
ba( tfMiophagf s and poh \ d( nl m n itun 1 la ir jnob ible role in the control of 
potato d) m tla ‘'Oil h is lx ( n '^uggi ‘^tc d 

In M( w of tlu t iNonoma uIation''hip latwfcn tlu a tinonucetc') ind m\c(>- 
b icteun, it m n iKo Ik of int( it st to u ( ill th it St( ( nk( n (hHi) ol)-c^^cd h'L 
unong the Inltf I 1 his dal not lu)\\(\(i apja irtobf i result of ph ige action 
A Muihnt (iiltUK of '\l ffcdhnrti nuni \ a ld( d i noiuiinUnt strun (R \anant) 
w ha h Ik g in to h sc iftt i ^ oi I months 

lviassiliiiko\ (lM^^)mid( a dot nhdstufh oftia ( oin^e of nut oh of different 
u tinom\ ( cl( s isolated fiom tla sod V wdl d(\ eloped eoloiu on in igar plate 
gi uliialh betaine slmn fht, md tianspnent \\ la n ti insfcrred to n fre h 
medium, the eoloin eithei f iilcd to elen e lo]) oi jniKluced a imah-dcl neel grodh 
Vutol\ sis did not o( ( in om i the whole suificeof tla eoIoin,but tookpheem 
sccloisoi spots fienpanth it begin in tla tenter ual spieid tow ird the penph 
cn J his phenona lain ijipt nienl tei be \e i\ gencril unong p iri^itic org mnn 

and oeeuiietl Ics^ eommonh among the slploph^te^ 

I\iassilniko\ anel Koie ni iko (h)^0) emph isi/eel tla ro'-einbl nice of thcproce^ 
of aiitohsis unong ae tnamn cetes to the Iwoit phenomenon, or phnge produc 
lion liN liaeteiia Jla\ lejitiited that the hta faetoi of ictinonnccte^ eon 
ti in to the ol)sen it unis of ^\ leiinga and A\ leboK, was highh specific, 
had no action on tithei speeics oi e\en on othei stiains of the same specie^ 
Achnonu/ccs L\sis took plaee tihen growth of the oiguiism wa-^^ dehic 
one leason oi uuithei oi tit the time eif aging of the culture Since ^ 
cultiucs uncU'iwcnt lysis with \aiMng degices of ripidit\, it was assume 

if t f .v.i.,, 4 I., /-if or'f inn W 


the qiuintit \ti\e puKhutani of (he hta faetoi oi its mode of action w^s a ^ ^ 

with diffcicnt oiganisms Vt high tcmpeiatuies (GO to 70 C), hsis occurre 
few minutes 1 he h tic agent was icsist int to SO C foi 1 hoiii, but 
at 100 C m 5 minutes Not onh Iniiig but \lso dead cells were affecte , 
showing a cliffcience m action fiom that of tiuc phage 

Katznclson (1940) isolated fiom in uuue composts a theimophihc cu 
actinom3aes which undeiwcnt lapid hsis at 50 C when giowai on s arc 
monium sulfate agai media, no tiansmissiblc lytic agent could be demons 
Schatz and Waksman (1915), studying the pioduction of 
different strains of 5 gnscu<i obtained fiom colonies of a giyen culture, o 



tint colonies de\oid of aerial mycelium produced no streptomycin Such 
colonies gave rise to cultures v Inch underu ent much more rapid ]ysis than the 
noimal cultiues pioducmg aernl m3celium In the practical production of 
streptomj cm it is geneiallj observed that undei submerged conditions of grovdh 
ma\inium formation oi accumuhtion of the antibiotic corresponds to the begin- 
ning of Ivsis, ad^ anced I3 sis usually lesults in a lapid destruction 01 inactn ation 
of the streptom3 cm ahead3’' produced 

Although these meagei senes of obsei\ations seemed to point definitel3" to the 
capacit3’' of some actinom3 cetes to pioduce phagehke agents under certam con- 
ditions of cultuie, the3" threv ver3’' httle hght upon the nature and actmties of 
these agents The3^ v eie not e\ en sufficiently differentiated from l3d;ic reactions 
due to enz3Tnelike mechanisms 

The pi oblem of phage pi oduction b3’' actmomycetes entered a nev phase vnth 
tlie discover3’' that the stieptom3^cm-producmg strams of Sirepiomyces griseus are 
subject to attack b^ a ^ iriis or a phagehke agent This reaction appeared to be 
quite distmct from the lytic phenomenon mentioned above 

Saudek and Colmgs^^ orth (1947) Mere the first to report the production b3 
S griseus of a tiansmissible l3diic agent Mhich had all the properties of phage 
The phage developed in the presence of 3 0ung cultures of S griseus These 
M orkers used the plaque method vath a phage-sensitn e strain of S griseus foi 
measurmg the concentration of the phage Streptom3 cm pi oduction m as pai th 
01 completel3^ pi evented b3" the phage Cultures resistant to the phage could 
easil3^ be isolated 

This problem Mas mdependentl3^ mvestigated b3^ Woodruff (1947) Wien a 
submerged cultuie of S gnseus Mas placed in a stationar3 condition, Mnth plugs 
remo\ed from the flask, and e\posed to laborator3 air foi 24 hours, the fieshh 
formed pellicle shoMed eMdence of plaque foimation The same phenomenon 
Mas observed m a factors 500 miles aMa3^ iMiiltiphcation of the phage took 
place upon each tiansfei of a filtered cultuie into a fresh culture of S gnseus 
Aftei si\ transfers, each phage particle incieased to 75 X 10'’° particles The 
phage M as active against all streptom3Tm-producing strams of S gi iscus but not 
upon the non-stieptom3 cin-producmg stiains The culture pioduced phage- 
resistant strains leadily These retained the capaclt^ of producing strep- 
tom3 cm but Mere not free from phage The actmophage had properties similar 
to bacterial phages, such as those of Escherichia coh, as shoum both b3 cultural 
chai actenstics and b3'' appearance m photographs made b\ means of an electron 
microscope 

It has thus been established be3 ond doubt that at least certam species of 
Sirepiomyces can be attacked b3’’ a true phage In ^ leM of the possible importance 
of this phenomenon in streptom^ cm production, and also m order to throM hght 
upon its significance in the life C3 cle of the organisms producing the phage and in 
the ta\onom3’' of actmom3 cetes as a Mhole, a detailed stud\ Mas undertaken of 
the production, nature, and acti\ it^ of this phage Certain of the more immedi- 
ate problems veie at first imestigated These included the sensiti\it\ of 
various stiains of S guseus to actmophage, the effect of actmophage upon the 
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gioutli iiul sticptoiintm puMluctioii 1)\ .S f/n-tn/i in statin nncl in submerged 
tulUiic, imiltipluation of i(ti\( pli ig( iindi r (iiffcn nt ( onditions of culture of 
6 f/j/scHs, cllect of tninpci itiiK upon i)li ig( <utI\lt^, irid tlit action of .S ffris^’is 
ph igc u]K)n non-vti( ptoniM in-prodiK ing ‘^tIalns of tlii^- org ini'-m and upon other 
actinonn cot( s 


I \ n M \ I Ml IHODS \M) lU 

CullttKs ?/s/r/ \ luiinlx I of ^li iiM'' of d 1 lie^c included 

‘'C\(‘i il oii^inil i^olitions ol st k plonn ( in-iinxltu lu^ (ultiiroN md n number of 
ulnc iiul iin(ti\( ''ll nii^ ohtniud fiorn (lurn 1)\ < oloin ^election In ad 
dition, ollioi sti uus of *s r///s^?/snol |)iodii(inir iin '•tu'ptonn ( in indotherac 
tinoin\ ( ( t( ^ I ik( n lioin tlu (iiltiin (olbitioii oi In^hh i^ol itcd Irom \anou 
"ul)"!! it( " u( n iKo in\ ( ili d 

JlicMiioK irnpoi t lilt tultiiu in li''((dli(n 


coinpiriblc to no 


(I) ^^tri ploin\ c m pr<nliifUii, ''traitis of s /;ri t us 

>S tin ptnni\( m prodiK iim (iiltur* 1^-10 

S onst us IIM) ui origin il ( ult iir( I'-nl iImI imb jh rwh nlU 
S onsius UM Mfiutlu r ori^,in il I"*!! itf 
»S JO iH»s 1 Mild 0 sir nil'' i^ol III d fr<Mn ( ultiin nt»3 

S f/j/s(i/K U7’> M *'tr iin ill d from I iilturi no I 

S r/r/s/i/^ t >.M ind ri ptonn < in produiini^ i iillun 

ind ‘1 

S tfnsi us U7*> JI*H i ph 1^,1 ri*'t‘'tiint lulluri ohlniiud from 3175 

(J) Non si n ptoniM in prodin in^, iiiliuns of S tjristus 

S onsius 117^, itidluri jirodui in^ ^ri'-iin . 

s f/r/M i/s nJ(> till origin d (ulluri of 1 unst us lo-ol iti d in thi'^ 1 d»or itor\ m 
mil 1 I pt on irldii nil nil dm siiHi thin . 

s <i!tsius nJ(j i till s mil (iiltiiri is id)o\i» whuh w is di iiositcd ^^lth the entra 
bun m m Ilolhmd m lujt) md riiintU niiiMcl from lint i olloction 
S iftistus V)22 tullun isol ill d b\ Hui hi n r and iKo rtctntd from Holhn 

S (fnsius nU5, (ultun I'-olati d from no 1, it doi > not proihuc ''trcptoimcin 

foi ms another still umdi ntdii d mtibiotu 

(i) Olht r ( ultun " iholocic 

Sh( p!ofut/ci s hil ini( nsts i st n ptonui in produi m^ or^ mi''m distinct morpi 

ilK md (ulturdh from N onsius and isol itid fioin i Bikim *^od (Johns one 
W dvsiinm BM7) . 

S/n p/omi/rrs i lulnct us ruber^ a Lultun isolilid from the sod ^nd kept 
M irs m till ( olh ( lion 

Phage U6((l V phage piopaiition, oiigin dh obt lined fiom Jlerck 
Compam uul design ited is M, w as used in dl these nnestigations 
[ssay mctlmls In piehminin expeiiments, 0 1 -inl portions of 
cult me hlti ite cont uning tlic phage MCie added to 10 -ml poitions o 
agai , these Mcie poiued into pctii pi \tes and allowed to solidifA the 

suspensions of ddleiont stiains of N gascus weic stic^ked on the sui 
plates and incubated it 28 C foi IS liouis Ihc giowth of stianis no& 
was completely inhibited Stiam 3475 showed a lew small colonics on ^ 

As these appealed to be lesistant to the action of the phage, the^ 
horn the plates and mocuhted upon ficsh agai shuts Se^eia cu u 



obtained fiom the resistant colonies One \\ i'!) ^elected foi furthei studj’' and 
designated as 3475-2PR 

To assaj^ the phage piepaiations quantititueh, 10-ml poitions of nutrient 
agar were poured into a senes of five petii pi ites These veie stieaked vnth 
spoie suspensions of different stiains of S and incubated foi 24 hours 

The diluted phage piepaiations v eie then ponied o\ ei the plates Upon further 
incubation at 28 C, the surface giovth of the utiiiomyces stieaks shoved nu- 
melons plaques (figuie 1) These veie difficult to count The results obtained 



Fig 1 Effect OF Actinophage UPON THE DE^ELO^ME^T OF Different Strains 

OF S GRISEUS 

Top Phage treated, bottom controls Left pair 3475 2PR, right pair 3475 


weie only approximate and need not be reported here, since thej m ere qualitatn e 

rather than quantitative x r ^ i 

men the phage was added simultaneously uith the mocu urn to he resh 

medium, grouth of the organism uas corapletelj pi evented but vhen the phage 
was added to cultures uhich had already been veil sporuh ed, no phigc miilti- 
phcation occurred These results pro. e emphaticalb that the nctinophige acts 
best upon young cultures, as aheady emphasize j o lers oo ra ’ ^ 
Vaiious streptomycin-producing strains of S griscus aj^ieare others 

diffeiently to the action of the phage, some being less affected tlnn otl^em 
When colonies vere picked from the agar streak that had been infected vath 
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phage, they pioduced cul tines that were especially resistant to the action of the 
phage, although they m eie still capable of supporting considerable phage gro\rth 
The follo^Aing method i\as finally adapted foi assajnng the concentration of 
phage in a given piepaiation A 5-da3^-old shaken cultuie of a streptomycin 
producing stiain of S gnseiis (no 3463 being used mostl}’' for this purpose)™ 
filteied aseptically’’ thiough papei and used as the source of culture material for 
inoculation of plates The phage preparation, designated as M-1, vas obtained 
by inoculating the M phage into 3 ^oung cul tines of S griscns, Aihich vere allowed 
to incubate for 24 to 72 hours and then vere passed through a Seitz filter A 



Fig 2 Plaque FonMATIO^ Actinoihage on Piates of S griseus 

Top left to right, control and phage diluted 1 100,000, bottom left to right, pl^^^ 
diluted 1 10,000 and 1 1,000 


senes of dilutions of phage, ranging fiom 1 10® to 1 10^^ vere added 
portions of sterile nutiient agar, which had been inoculated vith 0 Tml po 
of the paper-filtered S g 7 tse 2 is culture The agai poitions vere poure 
plates, mived thoroughb^ and incubated at 28 C foi 2 days The plaque cou ^ 
were then made, as shown in figuie 2 The ]\I-1 phage preparation con ai 
4 2 X 10^® pai tides pei ml 

This method of assa 3 ^ gave accuiate and lepioducible results The nrs 
preparation, M-1, vas kept in the refrigeratoi and used as a standai 
procedure was nov standardized, especially in legaid to the effect ^ 
inoculum and of temperature of incubation Three different amounts o 
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7-day-Dld shaken culture of no 3463 were added to nutnent agar to give final 
10, 1, and 0 1 per cent concentrations They were inoculated with different 
dilutions of M-1 phage and incubated at 28 C for 48 hours The following 
results were obtained 


CuJlure tnoculum per 100 Plaque counts 

ml oj agar X JO^ 

ml 

10 0 391 

1 0 698 

0 1 756 


These results show that a lower inoculum gave higher counts, a 1 per cent 
inoculum was, therefore, adopted for all subsequent work 

In stud 3 ung the effect of temperature of incubation upon plaque development, 
two temperatures were used, 28 C and 37 C Normal plaque development took 
place at the lower temperature No plaques appeared on the plates mcubated 
at 37 C When these plates were subsequently placed at room temperature for 
an additional 24 hours, plaques were rapidly produced with 1 per cent moculum 
None of the plates moculated with 10 per cent of culture material produced any 
plaques, which pomts to the fact that not only is a temperature of 37 C unfavor- 
able for phage multiphcation, but at that temperature an excess moculum exerts 
a destructive, or at least an adsorptive, effect upon the phage 

JSffecl of the phage on growth and sirepiomyctn production by S gnseus In a 
prehimnary experiment on the effect of phage upon stationary cultures grown m 
standard medium for streptomycm production,^ it was found that when the 
phage was placed m drops upon 2- and 3 -day-old peUicles and allowed to incubate 
further at 28 C, many clear patches were produced in the peUicles, especially m 
the younger ones Further investigation mdicated that the study of the effect of 
phage upon growth of S gnseus and upon streptomycin production could best be 
conducted in submerged cultures This is brought out m table 1 When the 
phage was added at the time of moculation of the cultures, veiy httle strep- 
tomycm was produced at the earher periods of incubation, namely, after 3 and 
4 days When the cultures were allowed to mcubate further, active strep- 
tomycin production occurred, as shown by the 5- and 6-day readings This is a 
result, no doubt, of the development of resistant strains m the culture upon 
continued mcubation 

A comparative study of the effect of phage on streptomycm production by 
strain 3475 of S gnseus and by the phage-resistant culture 3475-2PR, isolated 
from the foregoing stram, under submerged and stationary conditions of growth, 
tends to confirm the observation above This is brought out in table 2 After 
3 and 4 days’ incubation in shaken cultures, no streptomycm was produced by 
the ongmal strain m the presence of phage, however, after 8 days streptomycm 
production occurred, the activity of the low phage inoculum equalmg that of t e 
controls The resistant stram, on the other hand, gave good streptomycm 

This medium contained 1 per cent glucose, 0 5 per cent each of peptone, meat extract, 
and NaCl m tap water 
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activity dunng the early incubation penod, the presence of phage exerting onlvs 
shght depressive effect upon the total activity Similar results were obtained m 
stationary cultures, the recovery of the streptomycin-producmg capacity m the 
phage-contammg cultures being much slower, how'eier Under these conditions, 
the phage-resistant strain did not produce so much streptomycin as the onginal 
culture 


TABLE 1 


Influence of phage on streptomycin production tn submerged culture 



i 

I^Cl^3ATIOV DAYS 


PHAGC ADDED* 

1 

! 3 

4t 

1 

«f 



Streptoin> cm produced pg/ml 


0 

21 

100 

99 

mmm 

+ 

5 1 

8 

7S 



* One ml of phage, containing 4 X 10*° particles per ml, was added to 60 ml portions of 
glucose peptone meat extract NaCl medium in 250 ml Erlenmeyer flasks inoculated wilb 
spore suspensions of S grtscus 


t Cultures were kept static for 24 hours, then placed m a shaking machine 


TABLE 2 


Effect of addition of phage upon growth and streptomycin production by original S grts^^ 

and by a phage-resistant strain] 


PHAGE ADDED | 

STHEPTOUYCIN ;zg/ia PHODUCED ATTtlS. DVYS _ 

After meubatjoa 

Phage per i 
ml, X 10^ 

Submerged cultures I 


3 

4 { 

8 1 



Strain 3475 


hours 

0 

Start 

Start 

24 

1 

0 

0 7 

70 

70 

! 

32 

<5 

<5 

<5 

111 

<5 

<5 

<5 

192 

208 

128 

122 

140 

<5 

<5 

<5 

1S8 

<5 

<5 

<5 




Resistant strain 3475-2PR 



0 i 

0 

124 

132 

172 

16 

23 

79 

36 

Start 1 

70 

117 

108 

140 

19 

50 


More detailed results of further experiments on phage multiplication an 
effect of phage upon strep tomycm production under submerged and 
conditions of culture are reported m tables 3 and 4 When the phage was ^ 
to the culture simultaneously with the inoculum, it multiphed rapidly 
first completely prevented streptomycin production, on further incu 
streptomycm production set m rapidly, and later tended to approach tha n ^ 
control The only possible mterpretation is that the development of a , 



















resistant strain of S griseus occurred in the culture When the phage was added 
to the submerged cultures 16 hours after inoculation, its rate of multiplication 
was much more rapid, because of the greater amount of available mycelium, 
with a corresponding reduction in streptomycin production Here again, strep- 
tomycin production set in rapidly later, as a result of the development of resis- 
tant strains Similar results were obtained when the phage was added to the 


TABLE 3 

Effect of phage upon the production of streptomycin by S gnseus in submerged culture 


PHAGE* ADDED AFTER 

inchbation days 

3 

5 

7 

Phage X 10» 

Smt ' 

. 1 

Phage X 10» 

Sm 

Phage X I0» 

Sm 



nZ/ml 




iiZ/tnl 

Control 

0 

94 

0 

168 

0 

258 

0 hours 


<5 

100 , 

<5 

208 

192 

16 hours 


<5 

75 

5 

92 

172 

2 days 


22 

222 

18 

382 

36 

4 days 


— 

24 

122 

45 

272 

6 days 

B 

— 

1 — 

— 

i 53 

300 


* One tenth ml of phage preparation, containing 40 X 10* particles, was added to each 
flask containing 60 ml of medium, this is equivalent to 0 67 X 10* phage particles per 1 
ml of medium All results are reported per 1 ml of culture 
t Sm = streptomycin 


TABLE 4 

Effect of phage upon the production of streptomycin by S griseus in siaitonary culture 


phage* added after 

incubation days 

9 

1 

17 

Phage X 10» 

Sm 

Phage X 10* 1 

Sm 

Phage X 10* 

Sm 








Control 

0 

306 

0 

252 

0 

273 

0 hours 

19 

<5 

31 

16 

24 

178 

16 hours 

27 

<5 

38 

6 

33 

79 

2 days 

47 

26 

588 

36 

605 

94 

6 days 

29 

300 

38 

219 

73 

COD 

12 days 


— 

0 9 

185 

0 4 

COD 


* Same as table 3 


48-hour-old cultures, the effect being magnified, as shown by the more rapid rate 
of phage development The small amount of streptomycin formed at the time 
the phage was added did not mcrease until the seventh day, when the ability to 
form streptomycin was apparently recovered When the phage was added to 
the 4- and 6-day-old cultures, at a time when growth had reached a maomum, 
there was a very limited amount of phage multiphcation, and little effect was 
exerted on the streptomycm that had already been produced m the medium 
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The results obtained under stationary conditions fully confirmed the results 
on the submerged cultures, namely, that phage multiplication was at a maxmum 
when added to the 2-day-old cultures, that the addition of phage at the time of 
moculation or soon afterward represses streptomycm production, that this is 

TABLE 5 


Effect of phage upon the growth, phage multiplication, and streptomycin production hj 
different actinomycetes in stationary cultures 


OBGANISM 

phagc added* 

9 DAYS 

13 DAYS 

PhaRc per ml 

X 10? 

Sm 

Phage per ml 
X JO? 

Sm 







Streptomyem-produemg 




P 


strains of S grtseus 






No 3463 

0 

— 

— 

0 

21 


1 

— 

— 

200 

5 

No 3475 

0 

1 

0 

30 

0 

ISO 


4* 

>50 

<5 

370 

<5 

No 3480 

0 

0 

31 

0 

189 


-b 

10 

<0 

30 

28 

No 3481 

0 

0 

/ 3 

0 

174 


+ 

50 

! 

260 

13 

No 4 

0 

0 

43 

0 

201 


+ 

30 

<5 

160 

<5 

3475-2PR 

0 

>0 01 

40 

40 

129 


+ 

I >50 

16 

370 

75 

S grtseus 3478 

0 

0 

<5 

0 

<5 


+ 

0 

<5 

i 0 

<5 

<8 grtseus 3326a 

0 





0 

<5 


+ 

— 

— 

<0 2 

<5 

S hiLtntensis 

0 

i 0 

<5 

0 

30 



1 3 

30 

7 

33 


' i ■ I I , 7 X 

* Each 60-ral flask of culture received at start 0 1 ml of M-1 phage, amounting ^ 

10’ particles per 1 ml of medium 


followed by the development of resistant strains which result m a considerai^^j 
delayed formation of the antibiotic, and that, when added to older cu 
some phage development occurs with httle effect upon the streptomycin 
in the culture 

Effect of phage M-1 upon different strains of S grtseus and upon other 
cetes A detailed study of the effect of phage upon different cultures of ac 
cetes, compnsmg different species and strains, brought out the fact (tables 
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6) that phage M-1 affected all the streptomycin-producjng strauis of S gnseus, 
it inliibited streptomycin production, and it multiplied at the expense of the 
growth of the organism It had httle effect upon the growth of other orgamsms 
The two non-streptomycin-producing strains of S gnseus as well as some of the 
other actmomycetes tended to destroy or adsorb the phage, the mechamsm of 

TABLE 6 


Phage muUtphcatton tn shaken cultures of various aclinomyceies and its effect upon the 

'production of anithioiics 





TOTAL incubation 

, DAYS 


OSOANISU 

' ADDED AFTEa I 
HOURS OF ' 

2 


i 

t 

\ 


IKCUBATION 

1 

Phage per 
ml X 10' 

Phage per 
ml X 10' 

AntibioUc 

activity 

Phage per 
ml X 10' 

Antibiotic 

activity 

S gnseus no 4 

Control t 

0 

ot 

S units /ml 

66 

0 

S un%ts(tTil 

90 

S gnseus no 4 

Start 

22 ' 

650 

36 

930 

48 

S gnseus no 4 

24 

9,500 

7; 000 

96 

4,600 

135 

S gnseus no 4 

48 


166 

120 

90 

90 

S gnseus 3478 

Control 

0 ‘ 

0 


1 

14 

S gnseus 3478 

Start 1 

8 

i 

1 3 


— 

15 

S btkiniensts 

Control 

0 

0 

29 

— 

18 

S htktmensts 

Start 

0 05 

0 13 

24 

0 

30 

S lavendulae 

Control 



0 

15 

— 

<10 

S lavendulae \ 

1 

Start 

— 

S 8 

<10 

— 

<10 

S violaceus-Tuher 

Control 

— 

— 

— 

0 

— 

S vtolaceus-mher 

Start 

— 

— 


0 00002 


Nocar dia asieroides 

Control 

— 

— 

— 

' 0 

— 

Nocardia asleroxdcs 

Start 

— 

— ' 

1 

9 4 


Micromonospora sp 

Control 

— 

— 

1 — 

' 0 

— 

Mxcromonospora sp i 

Start 




9 1 



* 70 X 10* phage particles added per ml of culture 
t No phage was added to control cultures 

t One plaque appeared on one plate, there is some doubt as to whether this plaquo 
was due to phage or was due to the growth of an S gnseus colony that was antagomstio 
to the test organism 

this reaction still being uncertain The phage had no injunous effect either 
upon growth or upon streptomycin production of S biktntensis 

The foregoing results were confirmed by a number of other experiments, with 
mmor variations For example, no S495, a strain of S grtsetis isolated from a 
streptomycin-producing culture, which does not form streptomycin but does 
form another antibiotic inactive agamst Escherichia coh but active against 
gram-positive bacteria, gave no phage multiphcation but showed occasionally a 
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change in the nature of the antibiotic spectrum S biLimensis allowed no phage 
multiplication, or actually brought about the disappearance of the phage, and 
showed at times increased streptomycm production in the presence of the phage 
The latter reaction may have been due to nutritive effects of certam constituents 
of the phage preparation 

In a senes of experiments upon phage multiplication m cultures of different 
strains of streptomycin-producing S grtseu^, each of 10 such strains was mocu 
lated into four 60-ml portions of broth in 250-ml Erlenmeyer flasks To tivo 
flasks of each series, 0 1-ml portions of phage M-1 were added at the tune of 
inoculation , two flasks were left as controls Phage determinations were made 
after 2, 4, and 6 days of incubation at 28 C The antibiotic potency of the cul 
tures was determined by the usual cup techmque against a streptomycm stand 
ard (table 7) 

There was considerable variation among the different cultures both in the 
extent of phage multiplication and in the rapidity of recovery of streptomycin 
producing potency As in previous experiments, the phage-resistant culture 
3475-2PR showed comparatively little effect of the phage upon streptomycin 
production 

Effect of temperature upon phage In a prelimmary experiment on the effect 
of temperature upon actmophage, several S-ml portions of phage M-1, diluted 
to give 43 X 10^ particles per ml, w'ere placed in sterile test tubes and kept in a 
water bath at four different temperatures for 10 minutes No significant de 
struction of the phage took place at 40 to 65 C, a definite reduction occurred at 
75 to 80 C, and maximum destruction was reached at 100 C 

In a more carefully controlled experiment, similar dilutions of phage were 
made They were placed m water baths and incubated at various temperaturea 
for 10 minutes and for 1 hour (table 8) The phage was stable for 1 
65 to 75 C Appreciable reduction in the number of phage particles occurred 
m the tubes kept for 10 minutes at 85 to 90 C and a further decrease occurre 
upon contmued incubation Heating for 1 hour at 90 C was not sufficien , 
however, to destroy the phage completely 

To determme the effect of temperature with prolonged storage upon ® 
survival of phage, several 10-ml portions of phage M-1 diluted 1 100 with stenie 
water were added to test tubes, stoppered ivith sterile rubber stoppers, au 
placed at four different temperatures After several periods of incubatior' 
phage determinations were made The results show (table 9) that incuba a 
for 3 days at 56 5 C brought about an appreciable decrease m phage concen r 
tion, after 12 days at this temperature more than 99 per cent of the phage « 
destroyed At 37 C the decrease was much slower, incubation for 12 ‘ ^ 
giving about 68 per cent loss of phage concentration and nearly complete 
after 29 days At 28 C there was a small decrease after 12 days’ incubation ' 
marked decrease after 29 days There was no change in concentration o 
phage at 6 C on continued incubation 

Further studies on the effect of temperature upon phage multiplication 
firmed the previous results The optimum was at 28 C There was no mo 
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m phage content at 37 C, and at 56 5 C more than 97 per cent of the phage was 
destroyed in 1 day The extent of phage multiplication depended largely upon 
the size of the inoculum The greater the number of cells of S grisem present m 
the culture, the greater was the amount of phage produced At 56 5 C, the size 

TABLE 7 


Mulitphcation of phage in shaken cultures of streptomycin-producing strains of S grtseus 




DAYS or INCUBATIOV 

ETXAIK NO 

ADDITION or I 
rnACE 

2 

4 

6 


Phage* per ml 
X 107 

Sm 

Sm 

Sm 




tigfrrl 

fiS/ml 


No 3463 

0 1 

0 i 

17 

90 

116 

No 3463 

+ 


<5 

<5 

34 

No 3464 

0 

0 

<5 

28 

20 

No 3464 

+ 

70 

<5 

<5 

18 

No 4 

0 

0 

<5 

15 

12 

No 4 

+ 

15 

<5 

<5 

<5 

No 9 

0 

0 

<5 

>50 

51 

No 9 

+ 

54 

<5 

<5 

51 

No 3475 

0 

0 

<5 

64 

92 

No 3475 

+ 

83 

<5 

<5 

76 

No 3498 

0 

0 

23 

49 

78 

No 3498 

"h 

76 

<5 

1 

<5 

16 

No 3499 

0 

0 

<5 

43 

90 

No 3499 

+ 

20 

<5 

<5 

<5 

No 3523 

0 

0 

21 

! 114 

149 

No 3523 

+ 

81 

<5 

1 <5 

20 

No 3524 

0 

0 

17 

57 

72 

No 3524 

+ 

146 

<5 

7 

32 

No 3475-2PR 

0 

<0 001 

<5 

98 

104 

No 3475-2PR 

+ 

8 

<5 

42 

104 


* The cultures treated with phage contained at start 4 X 10^ phage particles per ml 


of inoculum also had an effect upon the extent of phage destruction the larger 
the inoculum, the lower was the rate of phage destruction The nature of the 
medium in which the phage was suspended had a marked mfluence upon the 
rate of its destruction at 56 5 C The phage suspended in water sho\^cd only 
about 40 per cent destruction m 1 day, whereas the phage placed in broth lost 
more than 99 per cent of its activity m the same time After 3 days, the phage 
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diluted with broth was completely destroyed, whereas considerable phage was 
left m the aqueous suspension, although marked destruction had taken place 
MulUphcatton of actinophage %n the presence of living and dead cells of S gmem 
Fmally, studies were made upon the abihty of the phage to multiply at the ex 

TABLE 8 


Effect of temperature upon the stdbihiy of actinophage 
(At start, 43 X 10^ phage particles per ml) 


TEirPEXATUHE 

1 PHACE X 10 ^ PEE ML, ATTEE 

10 minutes { 

1 hour 

C 

1 

1 


Control 

43 


65 

45 

45 

75 

— 

45 

85 

0 07 

0 0003 

90 

0 001 

! 0^ 



1 - 


• The actual count was 5 particles per ml 


TABLE 9 


Stahihty of phage in aqueous suspension upon storage at several temperatures 


1 

teupeeatuee op stoeace 

PHAGE PAETICLES X lO’ PEE Ut APTEE SXOEACE' 

3 days 

12 days 

29 days 

C 1 


1 


6 1 

44 




28 

31 

20 


37 

37 

15 


56 5 

18 

0 001 

1 0 


* At start all preparations contained 36 X 10’ particles of phage per ml 


TABLE 10 

MuUtpltcahon of actinophage in living and dead cultures of S gn seus 


S GEISEtJS CXJLTUEE 

PHAGE X 10' 

Start 1 

1 day 

Living 

43 

136 

Dead 

65 

76 


2 days 

189 

58 


pense of hvmg and dead cultures of S gnseus Two lO-ml portions of a 
old shaken culture of a streptomycm-producing strain (no 3475) were trans 
aseptically to sterile test tubes One tube was placed in a water bath at 7 
10 minutes, to kill the spores and mycehum of S gnsev^^ the second 
heated To both tubes were added 0 1-ml portions of phage M-li 
were mcubated at 28 C and phage concentrations determmed at the s a 
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after 1 and 2 days The results presented m table 10 show that no multiphca- 
tion of the phage took place in the presence of dead cells of S gm.t/s, in the 
presence of hving cells, a fourfold increase in phage concentration occurred 

SUMJIARY 

The results obtained by Saudek and Colingsworth and b}^ Woodruff on the 
production of phage by streptomycin-producing cultures of Streptomyces gnsev^ 
have been fully confirmed 

Certain cultures of S gnseii^ are subject to attack by a virus which can be 
designated as “actmophage ” 

This phage attacks only the streptomycin-producmg strains of S gnsens, it 
has no effect on other streptomycm-producmg organisms 
In cultures of strams of S gnseii^ that do not produce streptomycm, the 
phage does not multiply and may actuall}*' be destro 3 Td or adsorbed 
The actmophage of S grisevs multiplies only at the expense of hvmg cell 
matenal and not upon the heat-kiUed material of this organism 
Phage-sensitive cultures of S griseus give nse rapidly to strains which are 
resistant to the action of the phage 

The actmophage has an optimum temperature for multiphcation at 28 C 
It does not multiply at 37 C or above 

Actmophage can vnthstand a temperature of 75 C for 1 hour, but is com- 
pletely destroyed at 100 C m 10 mmutes 
The actmophage can be stored at 6 C without loss of activity, but storage at 
28 C or at higher temperatures results m a loss of activity, the rate of loss bemg 
proportional to the temperature 

The nature of the medium m which the actmophage is suspended greatly 
influences the rate of its destruction 
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One of the striking differences between penicillin and streptomycin is the 
rapidity with which microorgamsms develop resistance to the latter Resistance 
to pemcilhn can be acquired, but always in relatively small increments at each 
subcultivation on artificial media or in each passage of the strain through an 
experimental animal A high degree of resistance can be attained in mtro or 
in VIVO only by repeated exposure to increasing concentrations of the drug 

Miller and Bohnhoff (1947a), for instance, found that 147 transfers onto media 
containmg mcreasmg concentrations of pemcilhn raised the resistance of a strain 
of memngococcus sufficiently to permit it to grow abundantly on media con- 
tammg 5,000 umts per ml They have also shown (Miller and Bohnhoff, 19466, 
19476) that the resistance of a stra n of memngococcus could be increased by 
serial passage through m ce treated ^vlth subcurative doses of pemcilhn They 
used cultures of hearts’ blood as mocula for each succeedmg animal passage 
The dose reqmred to protect approximately half of the mice rose from 10 umts to 
1,700 umts m the course of 61 passage inoculations 

Resistance to streptomycin, on the other hand, was found to develop with such 
rapidity that two or three transfers onto media containing increasing concentra- 
tions sufficed to permit memngococcus or gonococcus to multiply on media 
contaming 50,000 jug of streptomycin per ml (Miller and Bohnhoff, 1946o) 
Meningococci which were rendered streptomycin-resistant by this means retained 
approxunately the virulence of the onginal parent culture and were resistant to 
streptomycin in vivo Mice inoculated 'with such resistant memngococci died in 
spite of doses of streptomycm which would have protected them against infection 
with normal meningococci 

The present commumcation presents e'vidence that this rapid development of 
streptomycin resistance by memngococcus is due to the selective propagation of 
resistant variants which become apparent during gro'wth on streptomycin- 
containing media These variants are presumed to ongina'te from streptomycin- 
resistant mutants which are arising regularly in the bacterial population of the 
normal parent strain before its exposure to the drug In the course of these 
experiments, a second variant has been encountered which is not only resistant 
to streptomycin but is actually dependent on streptomycm for its gro'wth 

^ This investigation was supported jointly the United States Navy, Office of Naval 
Research, and the Universit 3 ^ of Chicago It also recei\ ed assistance from the Antibiotics 
Study Section, Research Grants Division, U S Public Health Service, and from the A B 
Kuppenheimer Foundation of the University of Chicago 
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tn vitro and tn vivo 
meningococcus * 
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Both vanants have developed from each of 18 stram> of 


METHODS 

Strains of meningococcus The 18 strains used m these experiments mduded 
(a) old stock stra ns which have been under cultivation m the laboratory for 
several years, (b) strams recently isolated from cases of epidemic meningitis, and 
(c) strams isolated from the nasopharynx of healthy earners Each of tie 
strains was defimtely identified as a member of one of the 3 fixed types I, II, or 
II alpha All of the strains produced colomes typical of menmgococcus and 
fermented only glucose and maltose 

Media The medium used most commonly throughout these experiments has 
been desenbed in a previous commumcation as casern digest agar (hMer and 
Bohnhoff, 1947a) Several other media were employed at vanous tunes for 
purposes of companson and to make certain that the results obtamed were not 
dependent on any ingredient of the medium itself Media thus employed were 
meat digest cysteine agar (Miller and Bohnhoff, 1947a), Difco nutnent agar, 
bram heart infusion agar, and proteose peptone no 3 agar 

The media were usually ennehed by the addition of fresh, defibnnated sheep or 
rabbit blood A few experiments were conducted mth agar containing rabbit 
serum 

When a hquid medium was required trypticase soy broth^ was used 

Preparation of streptomycin media A total of 25 preparations of strep- 
tomycin^ have been used They were obtained from seven manufacturers and 
vaned widely in streptomycin activity but mcluded some preparations of an 
especially high degree of purity 

Plates of streptomycm agar were made up as follows and were always 
withm a few hours of preparation a sahne solution of streptomycin was diluted 
to convement concentrations and 1 ml of appropnate dilutions pipetted into each 
petn dish Five-tenths ml of fresh, defibnnated blood were then put beside it 
Melted agar (cooled to 45 C) was added, and the contents of each plate were 
thoroughly mixed 

Method of inoculation of the streptomycin plates When heavy seedings 
memngococci were to be planted onto a series of plates containing graded concen 
trations of streptomycm, the following techmque was employed because i 
distnbuted the mocula evenly and did not break the surface of the agar 

After the agar had set, 5 small glass balls (about 6 mm m diameter), su ^ 

* Our preliminary communication (Miller and Bohnhoff, 1947c) reported that the^e ^ 
ants developed from 16 of IS strains The 2 strains ongmally considered failures ^ 
re-e'^amined and found to produce small numbers of both A and B vanants 

'Baltimore Biological Laboratory 

Preparations of streptomycm were supplied by the Antibiotics Study Section 
National Institute of Health, U S Public Health Service, the Division of 
trol and Immunology, Food and Drug Administration, Abbott Laboratones, Co ^ ^ 
Solvents Corporation, Eh Lilly & Company, Merck & Co , Chas Pfiier & Company, 
Squibb & Son, and Upjohn Company 





me customiiil}’' used foi dcfibuiiatmg blood, wcie placed on the suiface of the 
agar in each plate It m is found to be coincniont to have these ^‘beads’' dis- 
tubuted in test tubes, 5 to a tube, bcfoic stoiili/ it ion, so th xt the vhole contents 
of 1 tube could be idled out genlh'' onto tlu ig ii Miifxce 
The IS-hoiu giouth fiom an xgai cultuic in m oidinai}'^ 16-ounce medicine 
bottle Mas hmested in 0 0 ml ol gelatin Lo(k( ^ solution,® sedimented b}'' cen- 
tiifugition, and icsuspeiulcd in 0 5 ml gelatin 1 or keS solution The meningo- 
cocci Meic dispeised diavmg the suspciiMoii lepeatedly into a capillaiy 
pipctt-c from mIucIi one diop m is illoved to t ill onto the agai in each plate 
These mocula contained ippioMinatel} 1 0 to 2 X 10^° miciooiganisms The 
plates xvere then stacked in a lioldei and shaken gcutlj in all diiections so that 
tlie beads rolled back and foith o\ci the suiface ol the agai and distiibuted the 
mocula unifoimly The beads m eie then discaidcd The plates xvere incubated 
foi 3 daj^s, the fiist in a candle jai, and then allowed to ^tand foz a few" more da 3 "s 
at loom tempeiatuie They wcie all examined caiclulh each da}" foi 5 oi G da^^s 
Mouse inoculations weie made to deteimme Miuknce and also streptomycin 
lesistance A loopful of giow th fzom an 18-houi cuKuie was rubbed up in a few" 
ml of gelatin Locke’s solution and the suspension diluted until it reached a 
density equal to no 3 of the jMcFailand senes (Kolrncr and Boerner, 1945), 
which experience has shown to contain appioximateh one billion meningococci 
pei ml From this stand aid suspension, 10 -fold dilution^ w"eie made in 4 per 
cent mucin® and 1 ml quantities injected mtiapentoncillv into mice weighing 
16 to 20 grams (Millei and Castles, 1936) 

Mice were tieated with stieptom 3 "Cin by the injection of the desired dose in 
0 5 ml of saline undei the skin of the animal’s back 
As many as possible of the mice that died weie autopsied, and cultuies of 
hearts’ blood weie made on cisein digest agai and also on the same agai to which 
100 fxg of streptomycin pei ml had been added 

EXPERIMENT VL RESULTS 

The two variants desciibed below appealed when meningococci weie inoculated 
onto media containing stieptom 3 "cm gieatl}" in excess of that which is considcied 
the optimal bacteiicidal concentiation Identical lesults weie obtained fiom 
cultures started with a single isolated colon}" and fiom an oidinai} tiansfer of a 
stock culture A Jieav}" seeding of an overnight growth of a noimal, sensitive 
stiain of meningococcus was planted onto a senes of 8 to 12 plates containing 
giaded concentrations of stieptom}cin As most of the cxpeiiments weic pei- 
formed w"ith one piepaiation of stieptom} cin,^ the concentiations gnen below 
aie those of that single piepaiition The lange \ ined fiom 10 pig pei ml to 
10,000 fjig per ml The mteimediate concentiations weie usualh 20, 40, 60, 100, 
200, 400, 600, 1,000, and 4,000 pei ml 
The growth on a senes of 6 plates is shown in figuie 1 

® I ocKe’s solution containing 0 1 per cent gel itin 

® Granular mucin, t}pe 1701 W, supplied b\ tlio AAilson 1 aboritories, Chicago, Illinois 
preparation marketed for therapeutic use b\ Eh I ilh A Co 
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After 24 hours^ incubition, the plate containing 10 jug per ml showed confluent 
gro\\4h, and the one containing 20 fig pei ml a ver\^ laige number of colomes 
indistinguishable fiom noiTnal memngococcus colomes A few of these normal 
colonies occasional!} appealed on 40 fig pei ml, but none on concentrations 
higher than that 

Type A vanant On plates containing 40 fig per ml, a second type of colony 
^\as visible at the end of 24 houis^ incubation and continued to grov for the next 
48 hours, reaching a size of 3 to 5 mm in diameter, i e , considerably larger than 
normal meningococcus colonies It differed fiom normal colomes m color as well 
as size, foi it acquiied a distinctl}’' 3 elloAnsh tinge vhich became more marked 
duiing the second and thud day of incubation and after another da}’’ or two at 
room temperature This \aiiant, vhich developed tiom each of the 18 strams, 
has been designated type A 

Except on plates containing 10 to 20 fig per ml n hich v ere so crowded v ith 
noimal colonies that the} could not be distinguished, t}pe A variants developed 
in about equal numbeis fiom any gi\en stram on all concentrations of the drug 
This number, however, \aiied from stram to stram ilost strams produced 
2 to 5 colonies pei plate, an a\eiage mcidence of appi oximately 1 to 3 m 10^° of 
original bacterial population Figure 2 presents the results of 32 experiments 
performed with one strain (113) and illustrates the uniformity of mcidence of 
t}’pe A colomes One stram, however, developed greater munbers of type A 
colonies, 5 to 30 pei plate 

The t}’pe A variants had the foUowmg properties They w ere highly resistant 
to streptomycin as they w ere able to grow on concentrations of the drug as high 
as 10,000 fig per ml The}^ were also able to multiply on streptom} cm-free 
media They letamed aU of the following properties of the parent strams from 
which they arose morpholog}^ staining characteristics, sugai fermentation, 
virulence foi mice, and type specificity as deteimmed by agglutmation and by 
mouse protection tests Their streptomycm resistance w as demonstrated 
tn VIVO by inoculating mice wath mucin suspensions and treating the ammals 
wath 15,000 fig m 3 subcutaneous mjections of 5,000 fig each at 1, 3, and 5 hours 
after inoculation The mice legulail}’’ died of meningococcal sepsis, and t}pe A 
vanants w ere cultured from their hearts’ blood 

No loss of streptomycin resistance has been detected in the t}’pe A "s ariants 
either during passage through mice or dunng subcultivation on streptom} cm- 
free media Tw o stiains ha^ e been transplanted every 5 to ^ days for one } ear 

Type A valiants w eie found to be slightl} moie sensitn e to penicillin than the 
parent stiain fiom which they arose 

Type B vaiianis After 48 hours of incubation a second t}pe of 'sariant 
appeared on all concentrations of streptom} cm abo\e 40 fig per ml After 
another 24 hours’ incubation, additional colonies of this t}’pe de\ eloped on 
concent! ations of 60 and 100 fig per ml, but no new colonies appealed after 72 
hours The size and coloi of these colonies \ aried watli the concentration of 
streptomycm on which the}’’ giew On plates contammg 60 to 100 fig per ml, 
they were ver} small and light gray, on concentrations abo\e this range, the} 
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weie laiger and had a distinctl}’' yelloii ish tinge On concentrations greater than 
400 Atg pel ml, they lesembled the type A colomes m size and pigmentation The 
identification of doubtful colonies as made b}^ subcultn ation onto streptom 3 cm 
fiee and sti eptomycin-containmg agai 

The numbei of t 3 "pe B colonies A\hich developed fiom one t 3 ^pe I strain (113) 
are plotted in figuie 3, vhich shovs (a) that the actual numbers varied con 
sideiablj’' m diffeient e\peuments and (b) that they veie alva^s most numerous 
between concentiations of 100 and 400 /zg pei ml Cuives of the numbers of 
colonies in individual expeiiments diffeied in height but almost alvays had the 
shape of the cuive of the mean shovn m figuie 3 

The meningococci composing these t} pe B colonies had the follovung proper 
ties The^ eie resistant to stieptom^ cm, foi the^^ v eie able to giov on concen 
tiations as high as 5,000 /zg pei ml The 3 " veie dependent on stieptomjcinfor 
giovth, that is, the 3 ^ vould giov abundant^ fiom small inocula on concentn 
tions between 100 and 400 /ig pei ml and vould also giov from large moculaon 
concentiations as Ion as 5 /zg per ml, but the 3 ’' could not be subcultured on media 



Fig 2 Xlvbers or Coiomes of Tite 4 3 ariwts DE^ELOPI^G on Graded Co^ 
CLNTR\TIO\S OF STREPTO'\nCIN 


containing less than that minimum of streptomycin The 3 veie noni indent 
foi mice unless the mice veie tieated inth stieptoni 3 cm as desciibed beloi' 
The 3 ^ veie giam-negatne and feimented glucose and maltose vhen thetet 
media contained 100 fig of stieptom 3 '’Cin pei ml The 3 ’' letained the type^P^ 
cificitN of the paient stiam fiom vhich they aiose Rabbit seia piepi^^^ 
against the paient stiam confeiied piotection against expeiimental infection 
vnth these y aiiants in mice tieated vath stieptomy’^cm 

^Iicioscopically , the ty^e B oigamsms yaiied somevhat yiuth the concenh'^ 
tions of stieptomy^cin on vhich they^ had dei eloped Piepaiations made 
the small giay colonies giowm on 60 oi 100 /zg pei ml shov ed them to be sligi } 
laigei than noimal meningococci Ty^pe B oigamsms gioynng on higher con 
centiations in laigei pigmented colonies veie indistinguishable from 
meningococci This diffeience may^ veil be i elated to the stimulating action 


stieptomy^cin mentioned belov p 

Although the colonial development and micioscopic appeal ance of 
ymiiants differed accoidmg to the concentiation of stieptomymm on vhic 
gieyy, the identity^ of all membeis of this variant vas indicated by^ the fo o 
obsenmtions T\Tien a type B laiiant was taken fiom any’' concentiation 
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subcultiued onto 'inothei concentiation, it alnajs gren in colonies of the tjTie 
reguhih piocliiced on that paiticulai concentiation In other nords, small 
gray colonies alwaas dei eloped on concentrations of 60 to 100 jug per ml and 
laige colonies tinged a\ ith j elloM on concenti itions aboa e 200 jug per ml, regard- 
less of the concentiation fiom which the mociila were taken 



The dependence of t 3 T)e B aaiiants on adequate concentrations of strep- 
tom 5 ’^cin for growth was also demonstiated bj' siibculturing them into broth 
containmg graded concenti ations of the drug (see figure 4) It wall be seen that 
no growth occuired m the broth contaimng the low and high concentrations of 
streptomj’-cm The optimum range for multiplication in liquid media, therefore, 
approMmated that foi solid media 

Wien a senes of plates containing giaded concentrations of streptomacin was 
planted wath a pure culture of the B \ ariant in small but equal inocula, the 
numbers of colomes which dei eloped bore e\actH the same relationship to 
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concentrations of the diug as did the B variants developing from the original 
inoculations with heavy seedmgs of the normal, parent strain These e\pen 
ments were made as follows A suspension of B variant v as prepared and diluted 
to a density equal to no 3 in the McFailand senes, which experience has shown 
to contain about one billion meningococci per ml This suspension v as further 
diluted a millionfold and a drop (containing 35 to 50 meningococci) planted, hi 



Fig 4 Gro'\\th of T^pe B Variants of Memngococcus in Broth Contaimng 
Graded Concentrations of Streptomycin 
Left to right Tube 1, control Tubes 2 to 7 contain streptom} cm — 10, 40, 100, 
1,000, 4,000 Mg per ml The tubes were slanted sufficienth to afford a maxiinura increa 
in the surface of the broth and incubated for 24 houis 


TABLE 1 

Number and appearance of colonies developing fjom small, equal inocula of puTC 


type B variant 


STREPTOiTiCIN 

NUMBER OF 
COLONIES 

DESCRIPTION 

ne per ml 

0 

0 


10 

0 

— 

40 

3 

small, gray 

60 

8 

medium, gray , 

100 

33 

medium to large, gray to slightly >el o\m 

200 

35 

large, slightb’’ yellowish 

400 

30 

large, yellowish 

1,000 

25 

large, yellowish 

4,000 

6 

small medium, yellowish 

10,000 

0 

-- ^ 


the method described above, onto a series of plates containing varying 
trations of stieptomycin A poition of the mocula undoubtedly adhere 
beads and was lemoved vith them The lesults of a t^qiical 
presented in table 1 It shows that the number and appeal ance o 
developing on each concentiation resemble the number and appearance o ^ 
variants vhich developed on those concentiations fiom the hea\ y seedmgs^ 
originally vith the parent strain The homogeneity of the cultuie 
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lislied b} the fact tint ^ niimbei of colonu'^ tiom e^ch plate transferred onto 
st^eptom^cln“flee and sticptom\cin-contunmg igar gie\^ onlv on the latter 

Scnsiiwiti/ of type B cohnics to penicillin When t\pe B colonies w^re tested 
for their sensitiMt\ to penicillin, their gio\\Th w inliibited bv approximatelv 
the same concentrations that inliibited the giowili of the normal paient strain 
from A\hich each ^ iiiant aiose The^ appeiied therefore, to be as sensitne as 
normal meningococci to penicillin It should he pointed out hoAAe\er, that the 
tests could not be made on the same medn be( ni^e of the necessit\ of pronding 
sufficient stieptom^ cm foi the de\ clopmeiit oi t^ pe B ^ irnnts in amounts uhich 
were bacteriostatic foi the noimal ^trlm 

Raemon of type B i ai lants The t\'pe B a ii i uu^ contmued to exhibit all the 
characteristics desciibed dining lepeited subcultn ition on stleptom^cln agar 
Their dependence on the diug has been compkte except foi four mstances m 
which a single coloni has de\ eloped on strepttnuicm-free agii The four 
exceptions Mere the onh ones to occui among main ^ubcultn ations onto strep- 
tomacm-free agai In each instance the coloni giew out sloMh, but thereafter 
multiphed readilv on stieptomi cin-fiee media Tlu a ret imed all of the piopei- 
ties of meningococci and aie legaided as mutations h u k tOM ard normal Then 
rei ersion to normal m as not quite complete, hoM e\ ei tor thiee of them de\ eloped 
no tjpe B variants vhen planted onto graded cone eiiti ations of stieptom'i cm, 
but onh t^q)e A The othei ie\ erted stram m as able to dei elop both t\’pe A and 
type B colonies, but the numbers of the former Mere gieater than those produced 
by its ongmal parent sti am It is cleai , therefore, th at none of these rea erted 
mutants had regained all of the potenti ihties of the pirent strain from Minch 
the}’’ Mere ongmallj deaiaed 

Effect of inactivated sti epiomycin The t^ pe B a ariants m ere unable to groM on 
media containing stieptomacm mactnated ba ha droxi 1 amine hadrochloiide 
according to the method of Donoanck, Rake, and Fried (1946) or ba casteme 
hydrochloride accoidmg to the method ot Denkeluatei, Cook, and Tishler 
(1945) 

Experimental infection uith type B lanants The dependence of the tape B 
variants on stieptomacm foi then multiphcation could be demonstiated in mo 
as orell as in vitro Wlien mice m eie inoculated Math mucin suspensions of ta pe B 
vanants, the mice usualh suiaiaed unless thea aaere treated aaath streptomacm 
An occasional mouse died if a ei a large inocula m ere used but memngococci m ere 
rarely recoa ered from its heaiCs blood, and then onh on streptoma cm-contammg 
agar 

On the other hand, mice treated aaath adequate doses of streptoma cm usu alh 
succumbed to memngococcal sepsis, and ta pe B a ariants m ere i*egiilarh rccoa cred 
from cultures of their heaits^ blood on streptoma cm-contammg agar Although 
hearts’ blood a\as alwaas planted onto streptoma cin-contammg and strep- 
tomy cin-free media, no memngococci ea er greaa out on the I itter 

In table 2 are presented the results of a taqiical expenment m mIiicIi mice 
M ere moculated Math 10 ^ or 10- taqie B a ariants Streptoma cm m is administered 
subcutaneoush” 3 hours after infection in doses of 5 50, 500 5 000, and 10 000 
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jug, the last given in 2 doses of 5,000 each, the second dose j houi after the fird 
It vill be seen that all of the untieated contiols suivived and that the mortalih 
lose as the dose of stieptomj'-cin inci eased up to the laigest dose One or more 

TABLE 2 

Effect of sirepio?nycin treatment on infection loith type B variants 

I APPROXIMATE NUMBERS OF JIENINCOCOCCI INOCULATED 


STREPTOMYCIN TREATMENT 
3 HR AFTER INFECTION 


Blood cultures 


Strep free 
media 


Blood cultures 

Strep free Strep* 

media media 


10,000 

(2 doses of 5,000 ea) 


J ^ ^ j S 

+ = positive for meningococci, 0 = negative for meningococci, — = ^ 

= survived 

* Streptomycin media = media containing 100 micrograms of streptomycin per 
t Figures = hours of death 

mice m each group ^^eIe autopsied and cultiues of their heaits' blood 
stieptom^^'cm-fiee and stieptomycin-containmg agai In every case m 
COCCI vere lecoveied on the latter but not on the former The mening 
recovered from the heaits^ blood cultures had all of the charactens ics 
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vanants, that is, they retained their type specificity and their abihty to ferment 
glucose and maltose but required streptomycin for growth 
Unusually large mocula were used m the experiment just described It has not 
as yet been possible, however, to produce fatal meningococcal sepsis regularly m 
mice ivith mocula smaller than 10^ memngococci even though the animals re- 
ceived multiple injections of streptomycm The virulence of the type B vanants 
appears, therefore, to be less than that of the type A vanants 

DISCUSSION 

In these experiments two vanants have ansen from cultures of memngococcus 
planted in heavy seedings onto a senes of plates contaimng graded concentrations 
of streptomycin It should be emphasized that each experiment was begun wath 
a culture which had never been exposed to streptomycm and that inoculation 
onto the vanous concentrations of streptomycin was made at one tune Both 
vanants developed from all of the 18 strams of memngococcus studied They 
were gram-negative diplococci which retamed the charactenstic sugar fermenta- 
tion and type specificity of the parent strams from which they arose Both 
vanants were highly resistant to streptomycin 
One vanant, designated type A, grew in large, yellowish colonies which 
appeared m approximately equal numbers on all concentrations of the drug 
although the numbers vaned considerably from stram to strain Its resistance 
to streptomycm was demonstrated tn vivo as well as tn vitro, for it produced 
infection m mice which proved uniformly fatal m spite of the administration of 
maximal doses of streptomycin tolerated by the mice 
The mcidence of the other vanant, designated type B, as well as the size and 
color of its colomes depended on the concentrations of streptomycm onto which 
the ongmal seedmgs were planted Nevertheless, all of the B vanants denved 
from any stram were found to be genetically ahke 
The stnking charactenstic of this vanant was its dependence on streptom} cm 
for multiphcation on sohd and in hquid media and m the body of an animal host 
The animal experiments mdicated that this vanant was nonvirulent for mice 
unless the animals were treated with adequate doses of streptomycm and that the 
dependence on streptomycin for groivth persisted dunng and after multiphcation 
withm the body of the infected animal 
It IS impossible at the present time to be certam whether the substance re- 
quired for the growth of the type B variant is streptomycin itself or some im- 
purity which has been present m all of the preparations we have used These 
numbered 25 and were obtamed from seven manufacturers Two of the prep- 
arations were described as bemg of an especially high degree of punty It should 
be noted that streptomycm mactivated by hydroxylamine or by cysteine failed 
to support growth of the type B vanants This aspect of the problem is under 
investigation 

The ongm of these vanants is difficult to explam unless one assumes that 
they both anse by current mutation, i e , from mutants which are constantly 
appealing m the ongmal bacterial population of the parent stram The tyne A 
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vanants developed from any given stram with about equal frequency on all 
concentrations of streptomycin, although the frequency vaned from strain to 
stram 

The mcidence of the type A vanants from most strams was estimated to 
average 1 to 3 m 10^° of ongmal bactenal population One strain produced about 
3 to 30 in 10^® 

The maximum mcidence of the type B vanants vaned from 2 to 15 per billion 
merongococci m the parent culture 

When the type B vanants were first observed, they were thought to anse by 
mutation which was induced by streptomycin Subsequent observations have 
failed to support this hypothesis and have tended instead to indicate that, lie 
the A vanants, they, too, originated from mutations which were occuirmg 
regularly m the parent bacterial population 

The fact that they appeared only on the high concentrations and only in 
greatest numbers within a certain range was explained by the demonstration that 
this range of concentrations was optimal for their development Pure cultures of 
the B vanants developed colomes on each concentration of streptomycm in the 
same relative numbers as did heavy seedmgs of the parent stram from which 
they arose The greater proportion of them were able to reproduce onl} on 
certam concentrations , above and below that optimal range few or none d^ 
veloped In other words, the type B vanants developed approximately the 
same number of colomes on each of a senes of concentrations whether they were 
planted m pure culture or together vuth mynads of normal, streptomycin 
sensitive memngococci This observation seems to mdicate that the strep- 
tomycm requirement of the type B vanants for their multiphcation is qnao 
titative as well as qualitative 

The vanation m size and color of colony of the B mutants can only be a 
tnbuted to the direct effect of streptomycm on the physiology of the micro- 
orgamsms Benham (1947) found that streptomycm mcreased the oxyg^ 
uptake of a normal stram of typhoid bacilh but not of a resistant one unlcs 
high concentrations of the drug were used j 

Several studies on the development of streptomycm resistance have appca 
Chandler and Schoenbach (1947) for staphylococcus, streptococcus, and 
mococcus, Hamre, Rake, and Donovick (1946) for Klebsiella, and I3em ^ 
Kimmelman (1946a, 19466) Alexander and Leidy (1947), usmg a tec 
similar to ours, isolated streptomycm-resistant vanants from Hemop^'^ 
fltienzae and estimated their mcidence as 1 m 1 1 billion to 1 in 13 8 bilhon 
bers of the ongmal bactenal population As none of these authors me 
dependence on streptomycin as a charactenstic of the resistant strains, one 
conclude that they were dealmg with resistant vanants analogous to 
A vanants herem descnbed It is quite certam that the 
gonococci and memngococci reported earher by Miller and Bohnhon k 
were type A vanants 

Hall and Spink (1947) descnbe a stram of Brucella which 
resistant to streptomycm This stram was recovered from the blood st 
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patient with Brucella endocarditis and had apparently developed a considerable 
degree of resistance tn vivo After it had become highly resistant, it produced 
two types of colonics, a large one, which grew rapidly, and a small one, which 
grew slowly Although this latter variant was able to gron on streptomyem- 
free agar, it grew better on media containing 50 to 100 /zg of streptomycin per 
ml It IS possible that this second type of colony is similar to our B variant 
It should be noted that Welch, Price, and Randall (1946) weie able to demon- 
strate large numbers of viable typhoid bacilli in broth cultures containing strep- 
tomycin in concentrations greater than the minimum which inhibited growth 
They also found that the mortality rate of mice infected with typhoid bacilli 
was increased by treatment with small doses of streptomycin (0 05 to 1 0 /zg) 
The mortahty rate, however, was decreased when larger doses were admimstered 
For a comprehensive discussion of the general problem of bacterial mutation, 
the reader is referred to the recent review by Luna (1947) 

Studies on the growth requirements of mutants isolated from cultures of 
Escherichia coh after treatment with bacteriophage (Anderson, 1944, Luna and 
Delbruck, 1943, Luna, 1945) or X-ray (Tatum, 1945, Gray and Tatum, 1944) 
have demonstrated a variety of deficiencies m their metabolic processes Similar 
observations have been made on mutants induced m Neurospora by X-ray 
(Beadle, 1945) 

Emerson (1944) has desenbed a mutant of Neurospora which required sul- 
fanilamide for growth and for which para-aminobenzoic acid was toxic This 
vanant appeared m his cultures only once ® The type B variants of meningococ- 
cus, on the other hand, developed regularly from all of 18 strains which included 
types I, II, and II alpha, some of which strains had recently been isolated from 
cases of epidemic meningitis and some from earners, but others were old stock 
strains wLch had been under cultivation in the laboratory for many years 
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SUMMARY 

Two streptomycin-resistant variants developed from each of 18 strains of 
memngococcus, including types I, II, and II alpha, when heavy seedings were 
planted onto a series of plates containing streptomycin in concentrations var3ung 
from 40 to 10,000 /zg per ml One variant, designated type A, appeared m 
small and approximately equal numbers on all concentrations It grew m large 
yellowish colonies on streptomycin-free and streptomycin-containing media 
It retained the original virulence for mice possessed by its parent strain 
The other vanant, designated type B, appeared m greatest numbers on con- 
centrations between 100 and 400 /zg per ml, the concentrations optimal for its 
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miiltiplicatioii Its colonies vaned m size and color depending upon the con 
centrations of streptomycin on which they developed They were small and 
gray on concentrations of less than 100 fig per ml and larger and shghtly yellowish 
on concentrations of 200 fig or more per ml Nevertheless, the type B vanants 
from any strain were found to be genetically identical and the differences m 
their colonial appearance to be determined by the concentration of streptomycin 
on which they grew 

The typQ B vanants were dependent on streptomycin for multiplication 
in vitro and m vivo They were non viable on media containmg concentrations 
of less than 5 fig per ml and grew best on 100 to 400 /xg per ml They were 
nonvirulent for mice, unless the mice received streptomycm In mice treated 
with streptomycm, they produced a fatal meningococcal sepsis and were re- 
covered from the hearts^ blood provided the cultures were made on streptomycin 
contaimng media 

Both variants retamed the charactenstic sugar fermentations of meningococci 
and the type specificity of the parent strains from w^hich they arose Both 
variants are presumed to anse from mutants which are constantly appearing 
m the bacterial population of the parent strain 

Whether the substance required by the B vanants for their multiplication i3 
streptomycm itself or some impurity has not yet been determmed These 
vanants developed on all of 25 preparations of streptomycin obtamed from 7 
manufacturers They failed to develop on streptomycm mactivated by hy 
droxylamme or by cysteine 
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The genus Spirochaeta includes the large, free-hving, spual microorganisms 
of the type desenbed by Ehrenberg (1833) as Spirochaeta phcaiilis Zuelzer’s 
(1910, 1912) careful studies of Spirochaeta phcaiilis provide the most detailed 
descnption of the type species of the genus Spirochaeta Zuelzer found this 
spirochete growmg m both fresh- and salt-water ennehment cultures m close 
association with Beggiatoa, Oscillatona, and other micro orgamsms She de- 
scribed it as a flexible, spiral, blunt-ended organism 100 to 200, rarely 500, mi- 
crons in length, i to f microns in diameter, and Avith regular, steep spirals having 
a wave length of 2 microns The cells contamed volutm granules Motihty 
was by screwlike, vibrating, flexmg movements and, on solid surfaces, by a 
creepmg movement Multiphcation was by simple or multiple transverse 
division Zuelzer did not recogmze a defimte cell membrane, but some other 
early workers, as reviewed by Bosanquet (1911), desenbed a definite “penplastic 
sheath ” Zuelzer considered the most distmgmshmg charactenstic of Spi^ 
rochaeta phcaiilis to be a straight, elastic, axial filament around which the pro- 
toplasm was wound and which she observed m both hving and stamed cells 

Other members of this genus have been desenbed by Cantacuzene (1910), 
Dobell (1912), Zuelzer (1912, 1923), Pettit (1928), Gardner (1930, 1932), and 
other investigators Unfortunately, all of the descnptions are based on prepara- 
tions made from transient, mixed cultures, for no member of the family Spiro- 
chaetaceacy which mcludes Spirochaeta, Saprospira, and Cnsitspira (Bergey, 
1947), has ever been reported grown in pure culture Therefore, it has been 
impossible to make repeated and controlled studies on a given species, and, as 
a result, considerable confusion exists concemmg the relationships of these 
microorgamsms 

We have succeeded in isolatmg a species of free-hvmg Spirochaeta, beheved to be 
Spirochaeta phcaiilis, and have mamtamed it m pure culture for almost three 
years This paper deals with the isolation and with the cultural characteristics 
and cytology of this spirochete 


ISOLATION 

Enrichment cultures of the spirochete were obtained from infusions of decaying 
leaves from a hydrogen sulfide spring It was found that spirochetes, m associa- 
tion with Oscillatona, Beggiatoa, and many other species of algae, bactena, and 
protozoa from the ennehment cultures, grew sparsely on the surface of dilute 
leaf decoction agar plates Microscopic observation of tiie plates revealed the 
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large, spiral, flexible spirocbetes among the other microorganisms Occasionally 
a group of spirochetes grew away from most of the other growth on a plate 
Such areas were marked and a speck of agar was carefully transferred to another 
plate Repeated transfers on the decayed leaf medium ehmmated many, but 
never all, of the contammatmg species which were apparently contnbuting 
necessary growth factors Addition of a few drops of blood to the leaf agar 
enabled the spirochetes to outgrow the last remaining contammants The pure 
culture of spirochetes obtamed m this way was unable to grow on the leaf agar 
but grew well on the surface of medium containmg 5 to 10 per cent stenle red 
blood cells and 1 to 1 5 per cent agar 

Although only one stram has been isolated, spirochetes very similar in general 
appearance have frequently been observed m enrichment cultures from vanous 
ponds and sprmgs m both Washmgton and New York states 

CTJLTCRAL CHARACTERISTICS 

The spirochetes grow poorly or not at all on the serum fraction of blood but 
multiply readily on the red cell fraction, even when the red cells have been 
repeatedly washed They have not been cultivated on any ordmaiy laboratory 
media, m hquid media, or on heat-sterihzed blood Hydrogen sulfide, although 
present m the spnng from which the spirochetes were isolated, is apparently 
unnecessary for growth The spirochetes are aerobic, grow in a pH range of 6 
to 9 and in a temperature range of 15 to 34 C, the optunum temperature is about 
26 C Stock cultures are more successfully kept m small flasks than on slants 
and are transferred by washmg off the growth with stenle water Cultures 
remam viable for about a month at room temperature but not when stored for 
a similar penod of time at refngerator temperature 

The spirochetes ordmanly grow slowly on the surface of the medium as a 
thm, spreadmg film just visible to the eye Growth is apparent after one to 
several days Exammation of a plate culture with the low powers of the micro 
scope reveals the cells scattered on the surface as shown m figure 1 or often lying 
side by side ivith their spirals closely fitted together Groups of such closely 
associated cells may advance at the edges of the diffuse growth m flamelike 
projections as shown m figures 2 and 3 They may occasionally pile up 
discrete colomes as shown m figures 4 and 5, but this behavior is very uncommon 

Motihty on an agar surface is accomplished by a slow, forward, screwlike 
rotation of the cells, and sometunes a trail on the agar can be seen bebmd a 
movmg spirochete like the track behmd a snail The motion of ow,— 
suspended m water is both screwhke and slowdy but constantly flexmg, and on 
moist surface one end of a cell may remam attached while the other 
back and forth Cells may congregate m a droplet of moisture on a plate 
revolve around and around m it Such a coded cell, removed by making a cuv 
shp impression, is shown m figure 12 

MORPHOLOGY AND CYTOLOGY 

The spirochetes have been studied at different ages by means of bgbt- 
dark-field observation of hvmg cells and by vanous staimng procedures 




Figs 1 to 5 Spirochetes gro\Mng on the surface of blood agar, photogriphcd with side 
illumination 

Fig 1 Typical growth with irrcgularlj scattered cells X 250 

Figs 2 and 3 Groups of cells at edges of diffuse grow th X 250 

Figs 4 and 5 Cells aggregated into colonies, this ty pc of grow th is not co nnion X 50 

authoi IS grateful to Di R F Bakei of the RCA Laboi atones and to Di Georges 
Knaj^si for electron photomiciogiaphs ^^hlch ^a^e greath aided the cjtological 
studj’- The election miciogiaphs of cells grow-n foi S to 10 d^^s on blood agar 
aieshowTimfiguiesTtoll The author is grateful also to Di Oscar W Ricliards 





of the Ameiicin Optical Company foi allo^\mg hei to examine the spiiochetes 
AMth tlie phase micioscope and foi taking the bright contiast phase photomicro- 
graph of liMiig cells \\hich is sho\Mi in figuit 0 



Figs 7, 8, and 9 Spirochetes photographed with the 50 RC V electron microscope 
JMost of the granules aie volutin The cell shown in figure 9 has fragmented X 18 000 

The Ining spiiochetes aie flexible, legiilai spirals with a diameter of 0 S to 
1 2 micions and a length imgiiig fiom 1 to 2 wa^e lengths to se^e^al hundred 
micions Individuals 400 micions long aie faiih common, and q\ on longci ones 









Fig 12 Coiled spirochete renio\ed from 'i plate b\ making a co\er slip impression, 
fi\ed and stained \\ith Giemsa’s solution X 1,350 

Fig 13 Spirochetes stained ith a cell all stain One cell has retained the spiral form 
and another sho\\s the cell membrane distended In \ olutin granules X - 

Fig 14 Spirochete from an old culture sho\Mng a s^^elllng at one end X 1 3:^0 
Fig 15 Spirochetes stained ^Mth metlnlenc blue to demonstrate \ olutin incluMon 
X 2 250 

Fir 16 Cell of a large stained ^Mth a flagella stain to illustntc the appearance 

of an ‘axial filament ” X 2 500 , i ♦ i 

Fir IT Spirochete cells stained with Giemsa s solution to demonstrate the axial 

filament X 2,500 
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In old cultures the cells sometimes form swellings, as in figure 14, similar to 
the plasmolysis figuies repoited by Dobell (1912) foi Saprospira flexiiosa Such 
cells may still be motile 

Manj’' lefractive granules aie appaient m spuochetes e\aimned by either 
light- 01 daik-field illumination The inclusions aie of at least t^o types vohi 
tin, uhich has fiequently been reported to occur in fiee-living spirochetes, and 
fat We have followed the inclusions at inteivals in cultures from several 
to more than a month old The volutin inclusions are identified by their intense 
and metachromatic staining with methjdene blue and by their solubility m hot 
vatei and m 0 02 per cent NaHCOj Volutin granules in cells stained inth 
meth 3 dene blue show clearl}^ in figuie 15 These mclusions aie arranged either 
legulailj^ 01 niegulaily m the cell and range m size from small specks to lelativeh 
immense bodies occup 3 ang the entire diameter of the cell The laigei ones arc 
often compiessed into a lectangular shape and may stam more intensely around 
then boidei with basic d 5 ^es, suggesting a vacuolar lather than granular char 
actei They are present m greatest abundance and size in cultures a feu dajs 
to a ^^eek old but persist m many cells even in month-old cultuies Most of 
the inclusions seen m the electron photomicrographs are volutm Grauulca 
of a ^ olutin nature frequently peisist after old cells have dismtegiated, there 
IS no evidence that these represent anything but degenerated cells 

The fat mclusions are identified by deep staining mth Sudan black B uhen 
cells aie suspended m a saturated ethylene glycol solution of this Cdb 
4 to 7 daj^s old contain many fat granules, and some cells from month-old cul 
tuies still contain small ones The volutm and fat mclusions aie distinct from 
each othei, as be observed uhen Sudan black B solution is allowed to nm 
undei a cover slip onto a film ahead 5 ^ stained with methylene blue 

Ihe electron photomicrogiaphs show the presence also of inclusions 
to be lesohed the light micioscope The cytoplasm stains with basic djcs 
and IS giam-negative 

Spiiochetes of vaiious ages have been hydrol^’^zed wuth n HCl at 60 C for W 
minutes and stained both by the Feulgen method and wnth Giemsa’s solution 
B}’" eithei method the cells appear somewhat granulated or stippled, this effect 
bemg more appaient when they are examined wet than when in oil A ku 
Feulgen-positi^ e gianules were observed w’'hich ma 3 ^ be nuclei, but more wor 


should be done before this is ceitain , 

A cell membiane, which does not stain readily AMth Giemsa’s solution or m 
basic d3^es, ma3" be demonstrated wuth D3mr’s (1947) cell wall stain The mem 
brane m the li\ing cell is, of course, flexible and m a fixed, stained cell shrm = 
m close to the C} toplasm CA^en when examined wet The cell aauU stam shoiu^ 
m figure 13 shows the membrane shrunk except A\heie it is distended Iia 
volutin granules, presenting much the appearance of a tight lubbei skin sire 
OAei a stnng of beads Delicate, lefiactwe cross Aialls haA^e been seen m a 
living cells examined daik^field illumination, and, hkcAMse, occasions i 
diAiduals when stained the cell A\aII method ^«e seen to consist 
cells, each A\jth a complete membiane around it The spirochetes wit i rr 



walls seen hy these methods aie relativel}’’ few and lathei cleaily repiesenta 
stage of multiple tiansverse division 

Diied 01 fixed cells sometimes fragment into legulai segments each about half 
a wwe length long as shown in the election photomiciograph in figuie 9 How^- 
ever, the prominent, regular cioss stnations which aie seen in specimens of 
Sapiospiia and Cnstispiia stamed wnth Giemsa's stain or with basic dyes and 
w^hich give these organisms their characteristic '‘chambeied” appeaiance are 
not e\adent m stained specimens of this spiiochete noi in the election photo- 
micrographs Noi aie regular cross stnations detectable in Imng cells by either 
ordinary hght- oi daik-field illumination 
Hownvei, examination with the phase microscope (Bennett, Jupmk, Osterberg, 
and Richards, 1946) leveals fine, dehcate cross ^eptae occuriing throughout 
the length of living cells In young cells the septic aie very sinking for their 
clarity and regular spacmg at half turns of the spual in all cells In old cells 
the cross walls are also clearly present, although they may be somewhat less 
distmct and more ii regular m spacmg The spnorlietes aie clearly not single, 
long spiial cells but multicellular spiral filaments 
No flagella have been demonstrated wnth Leifson ? (1930) flagella stain, nor 
do the electron photomicrographs give any e^odence of flagella 
An mvestigation of the “axial filament” seemed especially impoitant because 
of the prominence it has been given in charactenzing Spiiocliaeta Zuelzer 
(1910) w^as the first to describe this structuie as a straight, elastic filament around 
w^hich the piotoplasm was wound Some othei imestigatois such as Bach 
(1921) and Gardner (1930) have confirmed its piesence On the othei hand, 
Dobell (1912), although he accepted the concept of an axiil filament, was unable 
to observe it in the several species of Spnochaeta that he btudied, and Noguchi 
(1928) was unable to demonstrate it in a spirochete fiom the slime of an icebox 
dram Certamly not ever}’' mvestigatoi wall admit its existence 
In this spirochete, an “axial filament” has been demonstrated, as showm in 
figure 17, but only rarely m prepaiations stained overnight m Giemsa's solution 
and by no othei method It has been apparent only in pieparations where the 
cells are heavily outlined wath stain as a result of the long staining time, and 
then only in cells that have dried in the spiral form, nevei in straight indn iduals 
even though they be adjacent on the slide The “axial filament” appears to 
be continuous with the heavity stained cell outline The outline ordmanly 
is apparent just at the cell bordeis where one is looking through the greatest 
thickness of stain Howe^er, in a spiral cell the places where the cell spirals 
around also present a greater thickness, resulting in the appearance of a hea\ ily 
stained filament Ijnng in the axis of the spiral Gicmsa staining docs not show 
such a structuie in spiral cells of Spinllinnj probabl} because it is masked b} 
the entire cell’s being very intensely stained, but, indeed, the appearance of an 
axial filament can be produced in a large species of SpiriUuvi, as shown in figure 
16, by the use of Leifson’s flagella stain, a procedure which precipitates stain 
on the cell In this Spirillum no such stmeture is apparent b\ an\ other pro- 
ceduie 
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Therefore, an a^ial filament is thought to be an aitifact resulting from the 
appearance of stain deeply outbnmg the spiral form The light led cell wsil 
stain does not seem to be intense enough to duplicate this effect 
A^either e\amination of living spiiochetes mth the phase micioscope nor 
the election photomiciogiaphs shov an^'* e^^dence of an aval fihment m tlm 
spirochete Likewise, electron photomicrographs of Tieponeyna pallidum taken 
by Moiton and Andeison (1942), of three species of Treponema taken by Jludd, 
Polevitzk}, and Andeison (1943), and of Bouelia novyi taken by Lofgren and 
Soule (1945) shoys no aval filament in these oigamsms 


Discussioisr 

It IS appaient that theie is a veiy close resemblance between this Spiiochada 
and Spvochaeta plicaiilis in regard to natural habitat, cell form and size, tipe 
of ceU inclusions, division, and motility The dimensions do not coincide e\acth 
Tnth those leported by Zuelzer for Sptrochaeia phcaHltSj hovevei, we do not 
believe that the inconsistency represents a leal difference, because our cclk 
were measmed alive and hers presumabl}^ ^^ere measured after fixing and stain 
mg Actuall}^, a stained cell such as the spiral one in figure 13 of this paper and 
the ones sho\\m in table 1 in Zuelzer's (1912) paper are almost identical in respect 
to diameter, vave length, and spiral amplitude Furthermoie, although ne 
consider the “aval filament” as an artifact, the appearance of such a stnicture 
has been obtained Avth Giemsa's solution, one of the piocediues that Zuelzer 
used to demonstiate it 

Theie seems little question that the free-lnmg Sptiochaefa iihich ve haic 
isolated is identical inth the t^’pe species, Spirochaeta phcatilis 

The presence of an aval filament and the absence of a distinct periplast mem 
brane and of piomment ci oss stiiations in stained specimens are thiec important 
charactenstics used to differentiate Spirochaeta from Sapiosptra and Cnshspaa 
(Berge\, 1947), Cnstispiia is furthei separated on the basis of its crista an 
parasitic habit it Hou ever, these criteria surel}’' need reconsideration bccan c 
m the piesent stuch ve haae tin own considerable doubt on the reality of the 
aval filament Fuithermoie, although the membrane and cross septae of tin 
spirochete aie not readih apparent bv usual piocediues, a membrane is clear i 
demonstrable bi a cell v ill stain, and regular cross septae b} obseivation 
living cells with, the phase microscope We aie not convinced, on the basH o 
the piesent knowledge, that Spirochaeta and SaprospirOj as described 
(1911), should be consideied distinct genera 
We belieie that a tuih satisfactory relationship among the Spirochaelacc 
can be established onlv i\hen more representatives of this group h^'^ 
isolated and studied under lepioducible and comparable conditions 
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milk, one was from the diseased lung of a dog, one, received from the Amencau 
Type Culture Collection, had a history of havmg been isolated from pus from a 
horse with strangles The authenticity of this ongin is questionable, became 
the stram came indirectly from the ongmal investigator and was labeled "S 
equi ” 

Some of the strains bsted m table 1 are duplicates from the same patient 
It appears that more than one of the strains (nos 1188, 1308, 1355, and 1357) 
that were received from Dr Sherman may have been isolated at different times 
from the same patient, because, according to Sherman, Stark, and Mauer 
(1937), S zymogenes was isolated on vanous occasions from one subject Straub 
1332 and 1333 were ongmally the same stram, one of the branches having had a 
historj^ of imdergomg vanation m its ability to hemolyze blood 


THE CHARACTERISTICS OF THE ENTEROCOCCI 

The strains included in table 1 belonged to group D, according to Lance 
field’s precipitm test, all grew at 10 C and 45 C, all grew m media containing 
6 5 per cent NaCl and in media havmg an imtial pH value of 9 6 , all tested 
strains (31) grew m media contaimng 40 per cent b^le, all hydrolyzed escuhn, 
none hydrolyzed starch, all attained a final pH of 4 4 or lower in glucose broth, 
except one (no 945) which produced a final pH of 4 6 , all strains fermented 
maltose, of 27 strains tested, all fermented sahcm, of 29 strains tested, allfer 
mented trehalose JSfone of 25 tested strains fermented dulcitol or lnulln^ 
The charactenstics which were common to all strains are omitted from table 
2 , which includes those reactions which showed interestmg differences between 
strains Omitted from the table are the following reactions hydrolysis of sodium 
hippurate, production of ammonia in 4 per cent peptone, and virulence for mice 
These reactions appeared not to be correlated with significant characteristics 
Though not considered m table 2, a general statement in regard to the viru 
lence of the enterococci for mice may be of interest Mice ^\e^e injected mtm 
pentoneally with broth cultures, which had been inoculated very lightly 7 
platinum needle and mcubated for about 11 hours Two strains killed miceu^ 
dilution, 22 killed in dilution but not m higher dilutions, 9 t 
failed to kill m the dilution According to these results, the virulence 
enterococci for mice is low as compared with the virulence of many strains 
streptococci of groups A and C \ , 

Uncorrelated with characteristics which appeared to be significant for 
fication purposes are the following, listed m table 2 type of hemolysis, 
tion of gelatm, sensitivity to bactenophage D 2 -II 88 , production of aci ^ 
lactose, arabmose, and raffinose The characteristics of distmction were 
to be agglutmative reactions, sen^tmty to phage D-693, growth m 
taimng 0 1 per cent methylene blue, survival at 60 C for 30 nunutes, 
duction of acid from sucrose, manmtol, and sorbitof In the study of » 
senes of strains, the production of acid from glycerol might be found 0 
some sigmficance 
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TABLE 1 


HxBioTies of Birepiococcal strains of group D 


Km 

KO 

PREVIOUS INVrSndATORS 

PREVIOUS DESIGNATION 

SOURCE 



Host 

Material 

Disease 

693 

Kendrick and HoL 

S fccahs no 31 

Human 

Feces 

Intestinal hem or- 


Ion, Abbott Lab- 
oratories 

1900 89 



rhages 

696 

The Lilly Research 

S hemolyticus 

Human 

Pus 

Empyema 


Laboratones 

no 1527 



702 

Allen Sandlin Lab- 


Human 


Sore throat 


oratories 





894 

Graham 

18297 

Canine 

Lung 


912 

) 

S56 

Human 

Tooth 

Infected 

913 

^Thompson and Me- 

S 112 

Human 

Feces 

None 

914 

J grail 

S115 

Human 

Feces 

None 

945 

Dr Johns Buckley, 

A M S 6, 827 

Equine? 

Pus? 

Strangles?* 


Am Type Culture 
Collection, Cata- 
logue of Cultures, 





977 

1927 

Intestinal strep- 

Human 

Feces 

Chronic ulcera- 



tococcusno 11 



tive colitis 

978 


Intestinal strep- 

Human 

Lesion 

Chronic ulcera- 

979 

Torrey and Montu 

tococcusno 13 
Intestinal strep- 

Human 

Feces 

tive colitis 
Chronic ulcera- 



tococcusno 24 



tive colitis 

980 


Intestinal strep- 

Human 

Feces 

None 



tococcus no 14 




1121 


L-14 

Human 


Osteomyelitis 

1122 


L-50 

Human 

? 

? 

1130 


32 

Human 

Pus 

Peritoneal ab- 






scess 

1131 

Lederle Labora- 

198 

Human 

Heart blood 

Septicemia fol- 


tories 




louing small- 
pox vaccina- 
tion 

1132 


291 

Human 

Pus 

Ear infection fol- 






lowing measles 

1181 


Hilligest 

Human 


Memngitis fol- 






lowing mas- 
toiditis 

1187 

Farrell 

R-36 

Human 


Normal throat 

1188 

Sherman, Stark, and 


Human 

Feces 

Diarrhea 


Mauer 





1275 


66 

Human 


Gastric ulcer car- 






cinoma 

1276 

Saunders , Torrey 

83 

Human 


Gastric ulcer 


and Montu 





1278 


140 

Human 


Gastric ulcer car- 






cinoma 
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TABLE l--ConHnued 


NTH 

KO 

PKEVIOHS INVESnCATOSS 

PBEVIOUS DESIGNATION 

Host 

fiOUHC 

Matcnal 

B 

I)u»se 

1308 

Sherman, Stark, and 

S zymogenes no 1 

Human 

Feces 

Intestinal dis 


Mauer 




order 

1309 

Sherman and Wing 

S durans WingZ 


Milk powder 


111 

>Dr E C Hosenow 

257 21t 

257 18t 

> Human 


>Endocarditis 

1*1 

1 

26Gi 

/ 

Human 




) Sherman, Stark, and' 

36Ci 

Human 


[intestinal dis 


j Mauer 




] order 

1359 


132B 


Pasteurized 






1 milk 




Varn 

I Human 

1 

Peritonitis 

Hi 


Rigens 

Human 

!Pua 

1 Otitis media 

1688 


3365 

Human 

Pooled 






plasma 


1600 


31A 

Human 

Pooled 






plasma 



* The authenticity of the source of strain 945 is questioned (see the text) 
t Strains 1332 and 1333 were from the same patient 


TESTS EOH THE DIFFERENTIATION OF ENTEROCOCCAL SPECIES 

According to the key in the fifth edition of Sergey's Manual (1939) hquefac 
tion of gelatin and hemolysis are considered to be distinctive characterSi on 
which the differentiation of enterococcal species is based Sheiman, Stark, as 
Mauer (1937) mentioned the ‘‘thin and shaky boundaries'' which separate t c 


“supposed" enterococcal species, but Sherman (1938) recognized 3 species 


which 


he differentiated on the basis of the two characteristics mentioned above 
Durand and Dufourt (1923) reported that they foimd a precise correlation 
between liquefaction of gelatm and agglutinative reactions Accordicg 
other investigators, however, liquefaction of gelatin is an unstable proper!) 
no significance in classification Houston (1934) noted that the action 
bactenophage may alter the gelatm-hquefying property Elser and 'K* 
(1936) found gelatm-hquefying strains of enterococci which agreed 
nonliquefying strains m cultural and biochemical properties Wheeler 
Foley (1943) stated that biologic characteristics of enterococci could no 
correlated v ith serologic type 
Lack of correlation between liquefaction of gelatm and 
acteristics may be noted in table 2 For example, strains 1278 and In 
almost identical reactions m all tests excepting that for liquefaction o b 
Gordon (1922) found that hemolytic and nonhemolytic strains of en 
behaved ahke m agglutimn absorption tests Frobisher and Denny 
Elser and Thomas (1936), and Sherman and Stark (1931) found that 
and nonhemolytic strains resembled each other in every respect ext p 
reaction on blood The literature records many instances of the loss * 











CharacicTtBitcB of iht enierococci 



SircjiiococcuB zymogenes (MacCallum and Hastings) 



4- + 
+ + 
+ 4- 
4- 4- 

4- - 
4- ~ 
4- - 

4- 4- 
+ + 
4” 4- 

+ + 

4- 4- 

4- - 

4- 4- 

4- 4- 
+ 4- 

4- 4- 


+ 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 


Group 2 



1309 - - _ - 


S durans (Sherman and TOng) 

I-I+I-I-I+I+I-I+ 


* Strong reduction in milk containing 0 1 per cent methylene blue 

t The titers are expressed as reciprocals of the highest serum dilution which aggluti 
nated 

t Strain 945 was peculiar in that the final pH was only 4 6 
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lytic power m streptococci (Grmnell, 1928, Todd, 1928, Fry, 1933, Lancefield, 
1934) That this phenomenon may occur in enterococci was observed by 
several mvestigators (Gordon, 1922, Stem, 1933, Noel, 1934) Our strain 1333 
was originally a hemolytic strain which, when it was received, had a history of 
having produced a green variant from a pure hne culture In our laboratoiy 
neither stram 1333 nor the substram 1332 produced beta hemolysis The 
reverse change, the acquisition of hemolytic power by enterococci of the alpha 
type, was reported by Meyer (1926) 

In our laboratory repeated changes m type of hemolysis were observed m 
stram 693 This stram had been isolated by Kendnck and Hollon (1931) horn 
feces m a case of mtestmal hemorrhages They noted that when first isolated 
it was strongly hemolytic, but that it soon lost its hemolytic power and became 
alpha hemolytic After transmission to our laboratory, however, it produced 
beta hemolysis Because it did not behave m accordance with its previous 
history, another subculture of the stram was requested It also produced beta 
hemolysis m our laboratoiy when first received, and it has done so consistently 
However, a subculture of our beta hemoljrtic 693 was given to another laboratory 
of the National Institute of Health, and it was reported as having changed to 
an alpha hemolytic stram A subculture of this alpha strain "was returned to 
our laboratory It was tested for type of hemolysis on agar containing rabbit 
blood, which was m general use m our laboratoiy, and on sheep blood, which 
was m use m the other laboratoiy On rabbit blood agar, beta hemob’sis 
occurred, but on sheep blood, alpha hemolysis occurred This observation of 
differences m the type of hemolysis dependent on the source of blood was made 
also by Kobayashi (1940), who reported that the enterococcus does nothemob^s 
the blood corpuscles of the goat or sheep, although it may hemolyze the cor 
puscles of man, horse, cow, or rabbit 

The inconstancy of hemolysis in stram 693 illustrates the imrehability of ^ 
hemolytic property as a character of specific sigmficance The lack of co^ a 
tion between type of hemolysis and other characteristics is illustrated m ta a 
by strains 914 and 1275, which gave almost identical reactions in all tests ex 
ceptmg that for hemolysis 

Enterococcal bacteriophage That enterococcal bacteriophage may he mo 
widespread than phages attacking other streptococci is suggested by » 
frequent mention of it m the hterature Beckench and Hauduroy ( 1922 ), a ^ 
also Hadley and Dabney (1926), studied this phage Bagger (1926) 
the sudden appearance of bacteiiophage m a plate culture of a strain o en 
ococcus which had been under cultivation for a long time, many 
cultures having been made previously According to Houston (1936), ^ ^ 
enterococcal phage can often be isolated from the stools in cases of 
cohtis This author also reported (1934) that m a septic focus the enteroc^ 
usually occurs in a phage-mfected form He beheves that the action 
phage results m vanation in the characteristics of the organism Gran 
Bartley (1939) foimd that 34 of 36 strains of enterococci were sensitive 
three phages which they studied In our expenence, enterococcal p ag 
be readily obtamed from sewage 



THE ENTEROCOCCI 


501 


Hollon (1931) noted the parallelism between serologic and bac- 
^ i \ 1C relationships m a group of fecal streptococci One of us (A C E ) 
phage, and reported (1934) that sensitivity to this phage, desig- 
^ diffeientiated the enterococci from other streptococci, and that on the 
f ^ reactions the grouping of enterococci corresponded with 

^ /jjQp’Pi^g recognized on the basis of other characteristics 

/Bwig the course of our studies on bactenophage, a race designated D 2 was 
^ / ^ ^ sample of sewage taken m Washmgton, DC It lysed enterococci, 

^ iM/ Ii^om phage D in that the antilysins prepared against the two phages 
differently Antilysm D 2 neutralized phage D as well as phage Da 
11 as antilysm D neutralized the homologous phage but not phage Dj 
^ ^.^ch phage was prepared by propagation on a stram of enterococcus found to 
be highly sensitive Phage D was propagated on strain 693, and phage Do was 
propagated on strain 1188 The techniques of isolating the phage, preparing 
the filtrates and the antilysins, making the serologic tests, and determining the 
sensitivity of the streptococci to the phages were descnbed in previous pubhcations 
(Evans, 1934, 1942, Evans and Socknder, 1942) All strains of enterococci 
were tested for sensitivity to filtrates of both phages, D and D 2 , with results as 
shown in table 2 

Serologic relaizonskzps A number of investigators (Gordon, 1922, Durand 
and Dufourt, 1923, Meyer and Lowenstem, 1926, Takeda, 1935, Meyer, 1937) 
reported that the majonty of enterococci from vanous sources fall mto a few 


well-defined groups according to agglutinative reactions, which were confirmed 
agglutimn absorption tests in the studies of some of the mvestigators 
Saunders (1930) reported that in a large senes of cases enterococci from the 
tissues of resected gastnc and intestinal ulcers and from certam types of ulcers 
m other parts of the body exhibited similar serologic characteristics Torrey 
and Montu (1936) found that enterococci serologically related to Saunders* 
strams occurred more frequently m patients showung mtestmal lesions than m 
normal adults A few of Saunders’ strains (nos 1275, 1276, and 1277 of tables 
1 and 2) and a few of Torrey and Montu’s strams (nos 977, 978, 979, and 980) 
were available for the present study It was found that the strains from cases 
of ulcer, received from Saunders and from Torrey and Montu, resembled strams 
from other pathologic as well as nonpathologic sources m serologic beha\aor as 
well as m physiologic and biochemic reactions 
That the commonest serologic types of enterococci are wndely distnbutcd is 
suggested by the studies of the following authors Houston (1936) reported 
that type 1 of the “Belfast classification^' was identical with one of Me 3 er’s 
types of continental European strains, and Meyer (1937) reported that his 
type 1 agreed with Takeda’s (1935) type 1 of strams isolated m Japan 
Agglutinating serums were prepared against three strains, 894, 1130, and 1188, 
stram 1188 havmg been selected because it w^as the stram preiiously utilized 
for the propagation of phage D 2 Stram 1130 was selected to represent strains 
which failed to agglutinate m antiserum 1188, stram 894 was selected to repre- 
sent strams which failed to agglutinate in either serum 
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Rabbits were injected with antigen prepared from fresh broth culture heated 
at 56 C for 1 hour The cultures were centrifuged and the sediments were 
suspended in saline solution containing 0 2 per cent tricresol The first 3 doses, 
injected subcutaneously on successive days, each consisted of 0 5 ml of antigen 
of a turbidity eqmvalent to 2,000 ppm of the silica standard They were 
followed by 2 mtrapentoneal doses of 1 ml, 400 ppm, on successive days Intra 
pentoneal injections were made with mcreasing doses 3, 4, or 5 times during 
the following 2 weeks, the largest being 1 0 ml, 1,000 ppm Trial bleedings 
were then made 6 days after the last mjection If the serum did not show a 
good titer of agglutinins, further injections were made 

In the case of strain 1188, a satisfactory serum was obtained after treatment 
of the rabbit for 3 weeks, strain 894 required 4 week 5 » In the case o^- strain 
1130, the serum was unsatisfactory, when tested against the homologous strain, 
after treatment for 6 weeks It agglutinated in 1 10 but not in higher dilutions 
However, it agglutinated many heterologous strains m a titer of 1 100 or 1 1,000 
(table 2 ) Torrey and Montu (1936) reported that some of their strains lacked 
agglutmogenic properties 

Dtshngmshzng charactenstics of the enterococci In table 2 the 34 strains of 
enterococci are arranged in 6 groups, pnmanly according to agglutinative 
reactions It may be noted that certain other characteristics are more or less 


correlated with agglutinative reactions 
The first group includes 17 strains, one of which, no 1308, was labeled Sircp^ 
iococcns zymogenec when received from Di Sherman All strains of this group 
agglutinated m serum 1188, all but two agglutinated m serum 1130, and ali bu 
another two agglutinated in serum 894 All strains were sensitive to pha^ 
D-693, all grew in milk contaimng 0 1 per cent methylene blue, all surviv 
60 C for 30 minutes, all produced acid from sucrose, lactose, mannitol, and sot 
bitol The strams varied m sensitivity to phage D 2 -II 88 , hemolysis, hQU^ 
tion of gelatm, and production of acid from glycerol Only one strain produce 
acid from arabinose, and it was also the only one which produced acid rom 
raffinose The table shows that liquefaction of gelatm and type of hemolyses 
uncorrelated with other characteristics According to all available eviden^^ 

17 strains of the group belong to one species In agreement with 
nomenclature the group should be designated Streptococcus zymogenes i 
Callum and Hastmgs, 1899), and the names /aecaits and hqiiefactens sho 


eliminated ^ 

The last group m table 2 includes only one strain, no 1309, which 
ceived from Dr Sherman with the designation ‘‘5 thermodurans ^fs 

Sherman and Wing (1937) changed the specific name to StTepiococcus 
These authors reported that S durans does not have as strong a 
as other strains of group D, it lacks the ability to produce acid from 
and sorbitol, usually it does not attack manmtol or sucrose 2 ), 

guishing characteristics of S durans were confirmed in our studies \ 
which show, further, that stram 1309 does not agglutinate m the serums 



agglutinate the strains of S zymogenes, and that it is resistant to phages D-693 
and D 2 -II 88 

Between the \videly diffeient species S zymogenes and S durans are strains of 
intermediate characteristics (see table 2 ) These intervening groups show a 
gradation of divergence from the characteristics of S zymogenes tov^ard the 
characteiistics of S durans Group 2 differs from S zymogenes chiefly in the 
failure to agglutinate m antiserum 1188, and m the failure of most of the strains 
to produce acid from sucrose and sorbitol Group 3 diverges furthei in that the 
strains fail to agglutinate m antiserum 1130 The strains of group 4 agglutinate 
m none of the serums, but m other characteristics they resemble those of S 
zymogenes 

The data in table 2 are msufficient to determine whether any one or more of 
the groups 2 , 3, and 4 or any combination of them should be regarded as a 
separate species However, the failure of production of acid from sucrose and 
soibitol appears to have some significance Possibly a new species should be 
recogmzed largely on the basis of those characteristics 

The strains of group 5, one of which was derived from the other, are clearly 
differentiated from the two recognized species, S zymogenes and S durans 
They differ from S zymogenes in their failure to react in the three agglutinating 
serums, m their resistance to phage D-693, and in their failure to survive 60 C 
for 30 minutes They differ from S durans in their strong reduction of meth- 
ylene blue, in their failure to survive 60 C for 30 nunutes, and m their production 
of acid from sucrose, manmtol, and sorbitol 

Graham and Bartley (1939) mentioned a vanety of enterococcus which lacked 
the property of resistance to heat Another author mentioned strains which 
resist 3 d 60 C for 10 minutes, but not for 30 minutes This report was seen by 
one of us (A C E ), but the reference was lost If group 5 is found to be of 
numencal sigmficance, it should be given a specific name 

Enterococci vn var%ous animal hosts The hardmess of the enterococci enables 
them to multiply under a wide vanety of conditions They are found m health 
and disease, not only in various species of mammals, but also in low^er forms of 
animal hfe Steinhaus (1941) isolated enterococci from 5 species of insects, 
Sherman (1937) quoted several authors who considered the so-called Strep- 
iococcus apiSy winch is associated with European foul brood of bees, to be an 
enterococcus Plummer (1941) isolated an enterococcus from the eye of a ferret, 
Sylvester and Benedict (1941) isolated it from the viscera of fo\es and minks, 
and Elser and Thomas (1936) isolated it from the cervix of guinea pigs Orcutt 
(1926) found enterococci m the digestive tract of normal calves and m calves 
suffering from dianhea or scours Torrey and Montu (1936), and also Plummer 
(1941), studied enterococci w^hich had been isolated from milk in cases of bo\ine 
mastitis Two of our strains, nos 1309 and 1359, were probably of bovine 
ongin, not associated with disease 

Hont and Banlcs (1944) cultivated enterococci from a pig which died of 
endocarditis, and they produced disease m a young pig from a healthy herd by 
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that 73 out of 100 strains of streptococci isolated from specimens of unne be- 
longed to group D Hollander (1942) found that 22 out of 40 (55 per cent) of 
streptococci from infections of the genitounnaiy tract belonged to group D 
Rantz and Kirby (1943) found 27 per cent of streptococci isolated from speci 
mens of urme belonged to group D From 5 of their cases which presented 
signs of pyelonephntis they isolated enterococci m pure culture 

Puerperal sepsis A good many authors have reported finding enterococci 
associated with puerperal sepsis (Meyer and Lowenstem, 1936, Ehnsmann, 
1935) Gordon (1922) found them in 8 cases, Ramsay and Gillespie (1941) m 
6, and Rantz and ICirby (1943) in 2 Witebsky and his coworkers (1939) 
isolated a stram of enterococcus from the blood m a case of septicenua foUomng 
abortion 

Takezawa (1937) found 50 strains of enterococci among 216 strains of strep 
tococci from female gemtal organs m vanous diseases Hare and Colebrook 
(1934) isolated streptococci with the characteristics of enterococci from 7 of 34 
women who had low-grade fever dunng the puerperium, but in only a few in 
stances were the organisms isolated in pure culture Lancefield and Hate 
(1935) found no streptococci of group D among 46 strains from cases of severe 
infection of the uterus, but they found 8 strains of group D among 18 strains 
from “minor infections ” Brown and Schaub (1945) found that 9 per cent of 
232 strains of streptococci from the uten of patients with febrile puerpera nere 
enterococci 

Oilhs mediay masioidiiiSi arid meningitis Thiercelm (1899) isolated enter 
ococci from cases of meningitis, and Andrewes and Horder (1906) found them 
in cases of otitis media, mastoiditis, and meningitis Subsequent investigators 
have confirmed those early reports Ehrismann (1935) quoted two authors 
who reported cases of memngitis due to enterococci, Lang, Lode, and Schuthr 
mayer (1937) reported 2 cases , Wheeler and Foley (1943), 1 case Rantz (19 
reported 1 case m which memngitis followed a prolonged ear infection ^ 
and Kirby (1943) found that about 10 per cent of streptococcal mfections of t e 
middle ear were caused by enterccocci 

Among the strains of our collection, no 1132 was from a case of ear infection 
follovnng measles, no 1181 was from a case of meningitis following mastoi 
and no 1574 was from a case of otitis media , t 

Endocarditis MacCalliun and Hastings (1899) obtained an organism w iv- 
they called M^crococc^is zymogenes from the blood in a case of endocarditis,^ 
Sherman (1937) was convmced that their organism was an enterococcus 
sequently many authors reported the isolation of enterococci m cases o 
carditis (Andrewes and Horder, 1906, Hicks, 1912, Gordon, 1922, Meyer 
Lowenstem, 1926, Bible, 1929, Wallach, 1934, Houston, 1934, Baum, l 
E hrismann, 1935, Elser and Thomas, 1936, Reiners, 1936, Fox, 1936, 

1937, Clements, 1937, Otto, 1938, Moran, 1938, Rohleder, 1938 , Williams, * 
Lederle, 1940, Skinner and Edwards, 1942, Rantz and Kirby, 1943, Whee 
Foley, 1943, MacNeal and Blevins, 1945, Brown and Schaub, 19 
strams of our collection, nos 1332 and 1333, were from one case of 
endocarditis 
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Some of the investigators mentioned reported on the frequency of occurrence 
of enterococci in their cases of endocaiditis Elser and Thomas encountered 
enterococci ''not infrequently^' in the blood of patients suffering from a subacute 
form of endocarditis Andrewes and Horder found 4 strains of enterococci 
among the streptococci from 24 cases of mahgnant endocarditis, Dible reported 
that 1 strain out of 6 isolated from the blood m cases of ulcerative endocarditis 
was an enterococcus, Moran found it in 5 out of 20 cases, Lederle in 8 out of 
10 cases, Rantz and Kirby m 3 out of 16 cases, and MacNeal and Blevins in 
6 out of 36 cases 

The portal of entr 3 '’ was determined in a number of cases of endocarditis 
reviewed by Skinner and Edwards (1942) Enterococci obtained from the 
blood stream were derived from an infected finger m 1 case, infected tonsils in 
1, the gall bladder m 2, the urinary tract m 2, septic abortion in 3, and the 
gastrointestinal tract in 5 

Miscellaneous diseases Rantz and Kirby (1943) called attention to the 
fact that the enterococci are rarely found associated with infections of the 
respiratory tiact They reported 8 cases, Wheeler and Foley (1943) reported 
1 case Browm and Schaub (1945) found enterococci in mixed cultures in cases 
of pneumoma One strain of our collection (no 702) was from a case of sore 
throat 

The enterococcus is occasionally reported to be associated with various 
diseases not mentioned above Meyer and Lowenstein (1926) found it in 
cholecystitis, osteomyelitis, and pancreatitis, Houston (1934) found it in septic 
tonsils, the root canal of septic teeth, postnasal catarrh, septic antra, excised 
gall bladders, abscesses in various parts of the body, certain forms of acne and 
other skm lesions, and mvanably in chrome onychia, TVheeler and Foley (1943) 
found it in dermatomyositis and m emphysema Our collection mcludes strains 
from empyema (no 696), an infected tooth (no 912), osteomyelitis (no 
1121), and septicemia following smallpox vaccination (no 1131) 

There is an extensive hterature on the association of enterococci with rheu- 
matic diseases It is omitted here because, if the association should be proved 
to be significant, this hterature should be treated separately 

SXJMRIARY 

The literature on human infections with enterococci is reviewed, and the 
results of a study of 34 strains, 23 from human pathologic sources and 11 from 
other sources, are reported 

Enterococci have been found m a great variety of human ailments They 
appear to be important causal agents in some cases of endocarditis, intestmal 
disorders, abdominal infections due to injury of the mtestmal tract, infections 
of wounds inflicted during war, and infections of the unnary tract 

The foUowang characteristics distinguish the enterococci from other strep- 
tococci reaction in serum of group D according to Lancefield's precipitin test, 
growth at 10 and 45 C, growth m media contammg 6 5 per cent sodium chlonde, 
growth m media having an imtial pH value of 9 6 , and grow th in media con- 
taining 40 per cent bile 
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An appreciable part of the antibiotic activity observed in connection with the 
cultunng of an unidentified microorganism on a medium consistmg prmcipally 
of wheat bran and asparagus juice was foimd to reside in the medium itself In- 
vestigation disclosed that the wheat bran was the source of this activity Wheat 
bran has frequently been used as an ingredient m media assayed for antibiotic 
activity Because of the possibility of confusing the antibiotic activity naturally 
present m wheat bran with the activity produced by microorganisms grown on 
media containing wheat bran, efforts were made to characterize the active factor 
mvolved A hypothesis is presented that antibiotic activity may be formed by 
the hydrolysis and saponification (by the action of the microorganisms) of fatty 
constituents contamed m the origmal substrates 

EXPERIMENTAL PROCEDURE 

Prelmunary observations mdicated that the constituent or constituents of 
wheat bran possessmg antibiotic activity were extractable with 60 or 95 per cent 
ethanol, petroleum ether, or diethyl ether, but were not appreciably water-solu- 
ble These extracts, particularly those obtained by the use of petroleum ether 
or diethyl ether, when saponified with KOH, yielded soaps which had even greater 
activity on an eqmvalent basis than the onginal bran Extraction of the hy- 
drolyzed matenal with diethyl ether to obtam the neutral and the acid ether-solu- 
ble fractions showed that all of the active matenal was present in the latter 

A quantity of the antibiotically active fraction was obtamed by extractmg 
1,000 grams of wheat bran overnight in a percolator with 2 5 liters of petroleum 
ether, following which procedure the fraction vas dramed and washed with an 
additional 1 5 liters of the ether These extracts were combined and evaporated 
almost to diyness on a steam bath The residue was extracted with aliquots of 
95 per cent ethanol, totaling about 300 ml Three hundred ml of 0 832 n al- 
coholic KOH were added to the ethanol solution, and the mixture was refluxed 
for 2 hours The refluxed solution was concentrated to about 200 ml and then 
diluted with 1,600 ml distilled water This solution was then extracted with 
five 200-ml portions of diethyl ether to remove the '^neutral” ether soluble frac- 
tion The alcohol-water solution was then acidified vnth. HCl to pH 2, and the 
diethyl ether extraction was repeated After bemg v ashed with ater, the com- 
bmed acid-ether extracts were evaporated, from 'N\hich about 30 g of a brovn, 
oily residue were obtained This residue, vhich contained the active material, 

^ Bureau of Agricultural and Industrial Chemistry, Agricultural Research Administra- 
tion, U S Department of Agnculture 
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was then extracted with 95 per cent ethanol The ethanol-soluble fraction was 
removed by centrifuging the suspension of the residue in the ethanol, and a potas 
Slum salt was prepared from the supernatant by the addition of 90 ml of 0 096 
N KOH This solution, after dilution with about 600 ml of winter, was shell 
frozen m round-bottomed boihng flasks and then dned imder vacuum from the 
frozen state The final yield was 27 g 

Tests for antibiotic activity were made on each extract at each step of the 
separation, and a control contaimng only the solvent was made on each sohent 
It was calculated that the final product contained about 95 per cent of the onginal 
activity It was found that the refluxed alkahne alcohol solution w as more active 
than the onginal petroleum ether extract, which was probably due to the hydrol) 
Bis of some of the fats to free fatty acids The solvent controls showed no activity 
at the inhibition levels of the active extracts 


A modified medium II of Schmidt and Moyer (1944) was used for the bioassa) 
The ingredients of the medium were peptone, 5 g, yeast extract, 1 5 g, beef c\ 
tract, 1 5 g, ‘‘N-Z-amine” type B, 2 0 g, glucose, 3 0 g, NaCl, 3 5 g, 500 ml of 
KH2PO4 (15 g per hter) adjusted to pH 7 0 with NaOH, and distilled water to 
make 1 hter The medium w^as placed in bottles of convenient size, usually in 
the amount reqmred for any one senes of assays The inoculum was gromi by 
transferring it from an agar slant to 100 ml of the medium in a 250-ml Erlenmejcr 
flask, and incubating it 18 hours at 37 C The moculum was added to the me- 
dium at the rate of 20 ml per liter and the senal dilution set up Tw 0 loganthmic 
senes of 10, 100, 1,000, etc , and 5, 50, 500, etc , were set up for the suivey assaj 


dunng the fractionation When more accuracy was desired, as in the companson 
of solutions of vanous salts of the fatty acids, senes of 120, 200, 300, 400, 600, 
800, and 1,200, or 10-fold multiples thereof, were set up Test tubes 18 by k 
mm m size were used Each senes was made in duphcate and inoculated, an 
sterile control blanks were set up wuth each senes The tubes were incubate 
for 4 hours in a water bath at 37 C At the end of the mcubation penod t c 
tubes were sterihzed, and the turbidity of each tube was measured in a 1 ^ 
Summers on colorimeter The turbidity readmgs were plotted against the 
tions on a semiloganthmic paper A sigmoidal inhibition curve was obtame 
The point of 50 per cent inhibition as compared with the readings of tlic ^ * 
biotic-free controls w^as taken as the most accurate measure of degree 0 
hibition From the dilution at w^hich this pomt in the curve occurred t e con^ 
central] on in micrograms per milliliter was calculated For the comparison 
the activity of the wheat bran fraction wuth some other salts of fsAy ’ 
Staphylococcus aureus (Food and Drug Administration strain 209), 
conglomeratus (Merck’s NY strain), Streptococcus faecahs (ATCC 708 ), 
Eschenchta coh (Waksman’s stram for testmg streptomycm) wore use ^ 


assay organisms , 

Potassium laurate, sodium oleate, potassium salt of mixed aci^ 
oil, potassium salt of the mixed acids of cottonseed oil,* and a sample of po 


* Samples of these were supplied by Dr Ernest Kester of this laboratory 



Imoleate made from methyl Imoleate* were used for the purpose of comparing 
activities 


RESULTS 

Extracts obtained by treating separate 10-g samples of wheat bran with 200-inl 
portions of water, and with 70 per cent ethanol, produced a 50 per cent inhibition 
of S aureus at dilutions of 10 and 260, respectively A companson with vanous 
other salts of fatty acids readily available is given m table 1 The results m- 
dicated that the potassium salt obtained from the wheat bran was considerably 
more active than any of the other salts tested, with the exception of potassium 
Imoleate, which had about the same activity as the salts of the wheat bran 
extracts 


TABLE 1 

AniibtoUc activity of the salts of fatty acxds from various sources 


rATTY ACID SALTS 

concentration of salts CIVINO 50 PER CENT 
inhibition of 


S aureus 

if conglomeralus 

S JaecaUs 

Potassium laurate 

fiS per Pit 

22 1 

tit Perpt! 

16 

tit P*f 

27 

Sodium oleate 

23 

18 


Potassium salts of mixed acids of castor oil* 

50 

38 


Potassium salts of mixed acids of cotton seed oil* 

50 

41 


Potassium salt of acid ether fraction of wheat bran 

4 

6 5 

10 

Potassium Imoleate 

1 3 5 

4 2 

6 


* These samples were stored laboratory samples, and it is likely that freshly made 
samples would have shown higher activity 


Results with E colt indicated no mhibition withm the range tested In fact, 
with the wheat bran salt, a defimte stimulation was noted at 300 micrograms per 
milliliter These findings would seem to indicate that these salts would probably 
be more active against gram-positive organisms than agamst gram-negative ones 

DISCUSSION 

Germicidal and bactenostatic activity of some fatty acids is well known 
Stimulatory action of these and similar materials at certam concentrations also 
has been reported Whether the action will be stimulatory, inhibitory, or germi- 
cidal apparently depends upon the kmd and concentrations of the materials 
added, on the physical and chemical environment, and on the type of organism 
employed In riboflavm assays, an alcoholic extract of fresh hver hydrolyzed 
with alkah was found to be strongly inhibitory for Lactobacillus caset (Feeney 
and Strong, 1942) Feeney and Strong also found that ether extract of vhole 
blood was stimulatory at low, and inhibitory at higher, concentrations Kodicek 

* Supplied by Dr Gordon Rose of the Enzyme and Phytochemical Research Division of 
this bureau 
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and Worden (1944), also studying factors affecting the nboflam asaj, focnd 
that LadohaciRm helveticus was inhibited for 24 hours by oleic acid, and for 72 
hours or more by hnoleic and hnolemc acids, v>hen used m concentrations of 100 
micrograms per 10 ml of culture, or at 16 parts per nulhon A\ ery (1918) ivaj 
able to suppress the growth of pneumococci and streptococci, while atteinptiDg 
to isolate “jB influenza,” by addmg sodium oleate to a hemoglobm medium 
The actmty of various fatt}’^ acid soaps was tested by Lamar (1911a, 19116, 
1912) Lysis of pneumococci was obtained at comparatively high dilutions oi 
sodium oleate, potassium hnoleate, and potassium linolenate The latter tuo 
salts inhibited growth for 1 hour at dilutions up to 1 4,000 and 1 6,003 Itna^ 
concluded that the action was directly proportional to the degree of unsaturation 
of the acid 

Bergstrom, TheoreU, and Da\ude (1946) found that the presence of fatty aciL 
m the medium mterfered with the oxygen uptake of Mycobaderium tubercnlons 
Di-heptylacetic acid reduced oxy^gen uptake at a 1 7,000 dilution, whereas the 
uptake was completely inhibited by oleic acid at 1 10,003, by linoleic acid at 
1 15,000, and by Imolemc acid at 1 30,000 After extended ravestigation, 
Stanley, Coleman, Greer, Sacks, and Adams (1932) concluded that the mfct 
active compounds were ahphatic acids which contain from 15 to 18 carbon atoffl- 
They studied the action of chaulmoogra oil and related compounds on Mycohdc 
num leprae, Mycohadenum iuhercvlosis, and other acid-fast bactena The most 
effective acids were good surface tension depressants This physical propertj 
seemed to be more important than the detailed chemical structure The sodium 
salts of these acids were found to be effective m dilutions of 1 50,000, or at 
parts per milhon 

Barton-Wnght (1938) reported that, in the fatty fraction of wheat 
total combmed acids are 84 per cent unsaturated, wuth an lodme \alue of lo- 
It seems safe to assume the presence of a considerable amount of Imokm aci 

The separation from w'heat bran of a matenal with antibiotic properties,™^ 
IS of a fatty acid nature or is closely associated with the fatty acid, has some ra 
mteresting imphcations For mstance, when wheat bran, which contains 
acid constituents, is extracted with 70 per cent ethanol, antibiotic activitj t) 
tamed m the extract Also, the possibility no doubt exists that such fat^ 
stituents may be hydrolyzed by the action of the imcroorganisms and - 
sequently sapomfied When the culture is subsequently assayed, 
antibiotic activity may be foimd, and such activity may be attnbufed 


antibiotic normally produced by the imcroorgamsm 

Keeping this hypothesis m rmnd, it might be well to re-examine the 
reported by Snmvasa (1944), Mohan ei al (1946), Moyer and Coghi I 
and Holtman (1945) F or instance, extracts obtained by the extraction 
and Coghill's (1947) wheat bran medium with 70 per cent alcohol at pB to 
a 50 per cent inhibition of 5 aureus at 1 200, of S faecahs at 1 lOS, ^ 
conglomeralus at 1 60 Hence, if an organism capable of hydrolysis o ^ 
constituents of the medium were grown, a water-soluble salt haimg 
activity might be formed, which, when the medium was assayed, con 


false picture of antibiotic activity produced by the organism 


Actual seh 



• wLb- \ > oracr uo c ii,am tiic correct data Intensive search of the literature 
might bring to light numbers of instances in which the addition to media of fat- 
and fattj^-acid-contaming materials resulted in an increase in antibiotic activity 
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SXBIMARI AND CONCLUSIONS 

A fraction ha\nng antibiotic properties was c\ti acted from wheat bran This 
material has the characteristics of a fatty acid and forms a water-soluble potas- 
sium salt which has a comparatively high activity against Staphylococcus aureus, 
Micrococcus conglomcratus, and Streptococcus faecahs It was inactive against 
Escherichia colt Wien materials of plant or animal origin containing fats or 
fatty acid constituents are used in making microbiological media, the possibility 
of these constituents having antibiotic activity, which might be confused wath 
activity produced b}’' microorganisms, should be given consideration 
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Very little information is at hand regarding the abihty of molds to synthesize 
nboflavm Few citations pertaining directly to riboflavm production by true 
molds are available - Pontovich (1943) found as much as 2 mg nboflavm per g 
of Aspergillus Jlavus mycelium Tanner el al (1945) determined the quantity of 
nboflavm in the submerged fermentation media of Pemcilhum chrysogenum 
The highest value found was 1 36 mg per ml The primary purpose of this study 
was to screen several hundred isolates, recently obtamed from soil, crop residues^ 
and composts, for their abihty to produce nboflavm on a wheat bran substrate 

METHODS 

Preparation and inoculation of wheat bran Ten grams of wheat bran and 10 
ml of water were thoroughly mixed m 12-oz French squares The bottles were 
then plugged with cotton and autoclaved for 60 minutes at 121 C 

The mold isolates w’^ere earned on potato glucose slants, and the inoculum was 
prepared as follows Several grams of sterile, moistened wheat bran (m test 
tubes) were moculated directly from the agar slants and allowed to sporulate 
well Approximately 0 5 g of this dried mold bran served as the inoculum for 
each bottle The bottles were incubated horizontally at 30 C imtil good mycehal 
growth was obtamed (72 to 96 hours) 

Riboflavin assay The dry mold bran was assayed for riboflavm by the Lacto- 
bacillus casei acid production method of Snell and Strong (1939) as modified by 
Strong and Carpenter (1942) 


RESTJIiTS 

The results of the screenmg tests are presented m table 1 Of the 240 isolates, 
all were capable of nboflavm synthesis As will be noted, however, some genera 
are better able to produce riboflavm than others The isolates of the genus 
Fusanum are rather outstandmg m this respect, as well as are certam of the 
aspergilh The most outstandmg isolate was a ‘*gold” Aspergillus which yielded 
a value of 5 8 mg riboflavm per 100 g of mold bran 

^ Published with the approval of the Director as paper no 425, Journal Senes, Nebraska 
Agncultural Expenment Station This work was supported in part by a grant from the 
Farm Crops Processing Corp , Omaha, Nebraska 

* The commercial applications of the so called Eremothecium ashhyti and Ashhya gossypii 
in nboflavm production and the patent literature pertaimng thereto are not considered in 
this discussion 
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TABLE 1 

Riboflavin production by molds 


1 

CEinjs 1 

NUUBER OF i 

RIBOFLAVIN PER 100 0 MOLD BIAN* 





1 00-1 99 


1 

Aspergillus 

1 





black 

47 

0 

2 

39 

6 

green 

19 

0 

2 

17 

0 

tan 

27 

0 

10 

8 , 

9 

gold 

16 

0 

2 

9 

5 

misc 

4 

0 

1 

2 

1 

Pemcillium 






blue-green 

27 

0 

11 

14 


gray-green 

19 

0 

10 



yellow-green 

11 

! 2 

5 



compact raised 

15 

1 2 

5 


1 1 

AUemana 

4 

1 0 

2 


1 0 

Fusanum 

26 

0 

3 


1 16 

Hormodendrum 

9 

1 

5 

mM 


Rhizopus-Mucors 

11 


6 


1 

Tnchoderma 

5 

' 0 

0 

1 

n 

2 

Total 

240 

' 5 

1 

! 64 

1 

126 

45 


* From 0 25 to 0 35 mg riboflavin per 100 g wheat bran before molding 


SUMMARY 

Of the 240 fungal isolates grown on a wheat bran substrate, all were 
producing some riboflavin Forty-fi\ e isolates gave values in excess of 2 rc? 

per 100 g of mold bran Certam isolates of the genera Fusanum and 
were particularly outstanding The highest yield of riboflavin, 6 8 mg per 1 
g of mold bran, A\as obtamed from a “gold’^ Aspergillus It can be ^ 
that riboflavin S 3 m thesis is rather common, at least in the molds studied, an 
certam isolates produce riboflavm in amounts suflBcient to warrant furthers o 
as a biological source of riboflavin 
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The action of streptomycin on Ebcrlhclla ij/pliosa and Staphylococcus aureus 
was found by Wallace, Rhymer, Gibson, and Shattuck (1945) to be much greater 
m a poor medium (nutrient broth) than in a good medium (bram heart infusion) 
An mterpretation was made that ‘^there is somethmg present in the bram heart 
infusion which interferes in some way uith the action of streptomycin which is 
not present m nutrient broth ” Similar obseiwations have been reported by 
others and in some cases different interpretations have been made Berkman, 
Henry, and HousevTight (1947), for example, believe that the resistant in- 
dividuals in any one test grow out faster in the better medium than they do m 
the poorer medium and that an interfering substance is not necessarily present 
Further studies have been made to determine, if possible, the nature of the m- 
terfenng substances 

The streptomycm was prepared at the University of Illmois in the laboratory 
of H W Anderson and purified and standardized in the laboratory of H E 
Carter (Carter et al , 1945, Loo el al , 1945) The umt used is equivalent to the 
PDA umt, which is equal to one microgram of the free base or 0 84 micrograms of 
the hydrochloride The crystallme streptomycm was dissolved m the liquid 
medium under study, thereby e limi nating the error that might arise from dilu- 
tion of the test medium 

Eberlhella iyphosa (Hopkins strain) and Staphylococcus aureus (FDA 209) 
were agam used as the test organisms A 24-hour broth culture of the 
organism was diluted with twice its volume of sterile water for the moculum, 
0 1 ml of this suspension bemg used m all cases In the tests, plate counts were 
made at the start and 3, 6, 9, and 24 hours later to determme the numbers of 
viable orgamsms present 

Because considerable amounts of bram heart infusion were to be used in the 
studies, the use of Difco bram heart infusion seemed desirable for most consistent 
results The brain heart infusion used up to this time was prepared in the labora- 
tory by the authors and did not have any inorganic salts added to it Since the 
Difco medium contained both sodium chloride and disodium phosphate, a senes 
of tests were run to see whether the salts in the Difco medium would have any 
effect upon the streptomycin The two media gave almost identical results m 
these tests, so it was concluded that sodium chloride and disodium phosphate m 

^ Summary of a thesis presented in partial fulfillment of the requirements for the Ph D 
degree by the senior author 
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the amounts present in Difco brain heart infusion would not interfere with the 
action of streptomycin 

Smce the first published report considei ed only amounts of streptomj cm whi Ji 
would decrease the numbers of microorganisms, this work was continued to dele 
mme the concentration of streptomycm necessary to destroy all organisnb It 
w as found that approximately 4 1 imits of streptomycm per ml of culture mediua 
would destro}^ all the added cells of Eberthella typhosa m nutrient broth, and that 
approximate!}’' 1 unit of streptomycin per ml of culture medium would dcstror 
all the added cells of Staphylococcus aureus m nutrient broth In brain heart 
mfusion the results were entirely different A concentration of streptomjua 
of 50 units per ml of medium failed to destroy all the cells of Eberthella typh ^ 
and prevent grow’th of the organism in the medium Twenty-five units per ml 
did not destroy the cells of Staphylococcus aureus m the brain heart infu len 
In this particular study the plate counts were used to follow^ the killing action of 
streptomycm The results agam indicate that a protective substance for th" 
organism under test or an antagonistic substance to streptomycm is present in 
the brain heart infusion 

In order to determine the nature of this substance Wolf's (1945) “casamino 
acid" medium was used as a base medium for fuither study This medium b 
constant m composition and is reproducible The complete dehydrated medium 
was obtained from Difco Laboratories and also vitamm-free casamino acids fo 
the preparation of the complete medium ^ In this medium it wa^ found that 0 
units of streptomycin per ml of culture and 2 6 umts of streptomycin per ml c 
culture would destroy all the added cells of Eberthella typhosa and SiaphylocoiCJ 
aurcuSy respectn ely The amount of streptomycm necessary here is consider y 

more than that needed for destruction m the nutrient broth, but very much j 
than that needed m the bram heart mfusion This may be interpreted ^ 
dicatmg that the interfering substance or substances are present in the casanHi.o 
acid medium but not m the same concentration as they are m brain heart n 
fusion It seemed desirable first to detennme the effect of the constituent l 
the complete casammo acids medium Uracil, thiamine hydrochloride, an ^ 
cmamide are present in the medium, so the complete casamino acid medium 
compared wath casamino acid medium minus t^amme hydrochlondc, cas 
acid medium mmus macmamide, casammo acid medium minus 
casamino acid medium mmus thiamme hydrochlonde, macmamide, an ^ 
The results were all similar, mdicatmg that the constituents present 
casammo acids were not affectmg, m any way, the action of the ^ 

Some morganic salts are present m the casammo acids medium, 
earlier study had mdicated the unimportance of sodium cblonde an 
phosphate it was thought advisable to postpone study of the salt con cn 
examme the casammo acids or the nitrogen-contammg constituents o 
media for the mterfermg factor ^ g 

At this pomt it was decided to change the test procedure Because 

* The authors wish to express their sincere appreciation to Difco Laboraton 
many matcnals and courtesies given to them 



many substances w ere to be tested and the plate counting procedure was tedious 
and time-consuming, it \\as thought to be more advantageous to change from a 
measurement of numbers of bacteria present by plate counting to one of presence 
or absence of turbidity The culture tubes were examined for presence or ab- 
sence of turbidity as compared vith an untreated culture m the test medium 
Some checks were made comparing this type of reading results v ith plate counts 
and it v as found that sufficiently accurate readmgs could be made 
EJjfccl of adding commercial -peptones to base medium The available com- 
mercial bacteriological peptones v ere then added to the casammo acid medium 


TABLE 1 


Action of sircptcmycin on Ehcrlhclla typhosa tn casammo acid medium with addition 

of different peptones 
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(W) = Wilson Laboratories (B B L ) «= Baltimore Biological Laboratory (D) = 
Difco Laboratories 


+ = turbidity — no turbidity 


and the effect on streptomycin noted With Eberthclla iyphosd phytone (B B L ), 
hver fraction L (Wilson), trypticase (B B L), and tryptone (Difco) had an in- 
hibitory effect on the action of streptomycin, with the degree of activity in the 
order listed Tryptone (Difco), proteose peptone no 3 (Difco), peptone (Difco), 
proteose peptone (Difco), and neopeptone (Difco) all inhibited streptomycin 
slightly Phytone, hver fraction L, and neopeptone gave the greatest mhibitory 
action vnth Sio/phylococcus dUTeuSf whereas the remainder of the peptones had 
only slight effect Tables 1 and 2 give these results m detail 
The results at this stage of the investigation all pointed toward the presence 
of some factor in the nitrogen-containing constituents of culture media which 
interfered with the action of streptomycin It was present m varymg amounts 
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but T as greatest m bram heart infusion medium Of the bacteriological {> 
tones, it \ as present m greatest amount m ph> tone, a peptone made from ph:* 
proteins Because the bram heart infusion had so much actnit}, an inti'll 
study w as then made of it in an attempt to learn more about the interfo 
substance 

Adsorption of hrain heart 'infusion toilh activated carbon Bram heart mlir : 
was treated with “darco’^ once and tested for action It was found to conlaa 
all of its activity It was then treated with darco five times and tested, agx: 
showing no decrease m its ability to inhibit the action of streptonnem It 

TABLE 2 

Action of streptomycin on Staphylococcus aureus in casamino acid medium with 

of different peptones 


CONCEVTZATIOK 07 STJUrPTOJfYCIN UNITS Pit UL 

0 IitIssUoUtIsO I 90 lioolii o|i2 olnolu o|l5o|l6o[l7 0[l5 0[l?j:,rl 



0 5% Luer fraction L 
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1 0% Ph> tone (B B L ) 

1 0% Neopeptone (D) 

1 0% Peptone (D) 

1 0% Proteose peptone 
HI (D) 

1 0% Tr^ pticase 
(BBL) 

1 0% Proteose peptone 
(D) 

1 0% Trjptose (D) 

1 0% Trj ptone (D) 

1 0% Casamino acid (D) 
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+ -f + -f + 4- 

+ + + + + -f 
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(W) = Wilson Laboratories (BBL) = Baltimore Biological Laboratory 
Difco Laboratories 

= turbidity — «= no turbidity 

seems rather definite, therefore, that no vitamin or any substance ^ 
adsorb to the carbon could account for this action 

Hydrolysis of brain heart tnfusion After hydroly’sis wnth uj 
heart infusion would not support grow^th of Ebcrihella iyphosOj so 
not be measured directly Staphylococci grow on ♦ 

bram heart infusion, but not well Casa ^cil, 

nde, and niacinamide were added to the in the am' 

present in casammo acid medium, and Eberlhdt 

Staphylococcus aureus was obtained n byc*i 

niacmamide were added, the same results 
alone Lu er fraction L w as added to the ' 
gav e good growth Phytone was hydroly 






















those obtained wnth the hjdrolyzed brain heart infusion The activity of the 
hydrolyzates m interfering ith streptomycin action closely paralleled the growth 
activity Apparently the gro^\ th factor and the streptomycin-interfering factor 
are both dcstro3Td b}^ this process, or perhaps the tu o activities are caused by 
one substance which is destroyed 

Study of brain and heart infusions separately Difco Laboratories prepare a 
heart infusion broth culture medium containing infusion from beef heart, tryp- 
tosc, and sodium chlonde This medium vas tested for its streptomycin-in- 
hibiting actmty and ^\ as found to have none, which indicates very strongly that 
the actmty is present m the brain infusion Consequently a brain infusion was 
obtained from two sources, the Difco Laboratories and H E Carter, University 
of Illmois, and both were studied for their activity The two infusions gave 
parallel results, indicating, as was suspected, that the activity was present in 
rather large amounts m bram tissue 
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Extraction of brain heart infusion and phytone Brain heart infusion and phy- 
tone were then extracted with methanol and the extract and residue were both 
tested for activity When an equal volume of ether was added to the methanol 
extract of bram heart infusion a precipitate was formed, so the precipitate and 
the ether-soluble part were tested Table 3 gives the results of these studies 
The results were qmte sharp and indicate that m the bram heart infusion, al- 
though the extraction was not complete, most of the actmty was p'nsent m the 
methanol extract The ether precipitate also earned most of the activity from 
the methanol extract In the phytone the activity was greatest m the residue 
of the methanol extract, which indicates that the substances m bram heart m- 
fusion and phytone are not identical or that somethmg mterfercs with their 
extraction by methanol 

Hydrolysis of methanol extract The methanol extract of brain heart infision 
was hydrolyzed for 1 and for 4 days and tested for activity It w^as found that 
some activity was destroyed in 1 day and that all activity was destroyed in 4 
days 

Dialysis of brain heart infusion Brain heart infusion was dialyzed m a col- 
lodion membrane, and the active substance completely dialyzed through the 
membrane m ninning water 'withm 3 hours 
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The latter tests required an assay procedure which was developed as fo!!o’^ 
The substance to be assayed was dissolved in w^ater so that 1 ml contained 125 
mg of the substance This solution w^as added to 4 test tubes in 25 nig, 12 5 
6 25-mg, and 3 125-mg amounts Eadi of the tubes w^as then made up to If 
2-ml volume wnth distilled w ater To each w^ere then added 2 5 ml of 
strength casamino acid medium, and the w^hole w^as stenhzed One hundred 
and twenty-five units of streptomycin contained in 0 5 ml of water and onednp 
of a 24-hour broth culture of Eberthella typhosa were added to each of the4 tuh 
When Staphylococcus aureus was used, each 0 5 ml of the antibiotic solution cc: 
tamed 31 25 units All tubes were incubated for 15 hours at 37 C and thcpn« 
ence or absence of turbidity was observed Brain heart infusion cultures vere 
assayed at the same time as a control for comparison 


DISCUSSION AND CONCLUSIONS 

Antibactenal activity of streptomycin has been shown to bo greatly influcraJ 
by the composition of the medium in which it is acting A brain heart inlmcn 
shows great ability to inhibit the action of streptomycin Certain pcptorc, 
especially phytone, a peptone made from plant proteins, also have this 
but to a lesser degree Studies have indicated that the actnity is due 
thing w^hich can be extracted from the media, thus indicating that a specif 
substance or group of substances is responsible for the inhibitory action T(S^ 
have shown that brain tissue contains large amounts of an active sub taac 
Greater activity was observed w^ith the extract of brain than with the ph) to. 
Further studies are bemg made to determine its natuie 
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In earlier papers it was shown that yeast extracts have the ability to antagonize 
the inhibitory action of basic phenylmercuric mtrate on the gro^vth of yeast and 
bacteria (Cook and Kreke, 1943, Thomas, Fardon, Baker, and Cook, 1945), on 
the respiration of yeast (Cook and Kreke, 1943), on the growth of molds (Cook 
and Kreke, 1940), and on the respiration (Cook, Kreke, Eilert, and Sa^vyer, 1942) 
and growth (Thomas, Fardon, Baker, and Cook, 1945) of skin 

In attempts to elucidate these findings it was demonstrated that this germicide 
depresses the activity of cjdio chrome oxidase, succinic, lactic, and glucose dehy- 
drogenases, and catalase (Cook, Kreke, McDevitt, and Bartlett, 1946) Fur- 
ther experimentation showed that the depression of yeast respiration and of 
cytochrome oxidase activity by phenylmercuric mtrate, as measured by the War- 
burg respirometer, could be prevented but not reversed by the sulfhydryl com- 
pounds cysteine, homocysteine, and glutathione, whereas cystine and methiomne, 
as well as a number of amino acids containing other reactive groups, were ineffec- 
tive as protecting agents (Cook, Perisutti, and Walsh, 1946, Cook and Pensutti, 
1947) 

The present paper demonstrates that the inhibition of the growth of Eschert^ 
chia colly Eberthella typhosa, and Staphylococcus aureus by basic phenylmercuric 
mtrate can be antagonized by the addition of suKhydryl-contaimng compounds 
Efforts to reverse the inhibition after exposure of Escherichia coh to the germicide 
have been unsuccessful 


experimental procedures 

Solid medium Filter disc method In preliminary experiments nutrient agar 
contaimng cysteine in concentrations ranging from 1 5 X 10 ° m to 6 0 X 10^ M 
was prepared After sterilization and subsequent coohng to 42 C, the medium 
was poured over 0 1 ml of a 48-hour nutrient broth culture of the test organism 
in stenle petn dishes After sohdification of the agar, filter paper discs dipped 
m phenylmercuric nitrate solutions of a concentration range from 1 5 X m to 
1 5 X 10“^ M were placed on the surface of the agar The control medium vas 
nutnent agar without cysteine Zones of inhibition were measured after 18 
houra’ incubation at 37 C There was evidence of antagonism as shovm in table 1 
This method does not allow comparison of effective concentrations of germicide 
and cysteine since the actual concentration of phenylmercunc mtrate in contact 
with cysteme in the medium depends upon diffusion and hence is own 
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In all subsequent expenments the sulfur-containing compounds (crv’s'finf, 
homoc}'st€ine, glutathione, cj'stme, or methionine) were mixed nith the phed 
mercuric mtrate, and the mixture uas allowed to stand 5 minutes to irs.'' 
reaction The filter discs were dipped m the solution and placed on the Eurfii 
of the agar In both of these methods the diameter of the filter paper dre iri. 
12 7 mm so that a 13-imn zone of inhibition represents only trace actmtj aed 
less than this value is represented m the tables as 0 inhibition 

TABLE 1 

Growth of OTganismz with cysteine incorporated m medium and basic phenylmercunc 

(^PMN) applied lo filter paper discs 




1 iKHiamos zos*r, mt 

ISnt 

rim cosc (IT) 

' CYSnUKi: cosc (If) 





i 

cph 

E typhosp 

S «iw 

1 6 X 10-‘ 

1 ' 

0 

21 

23 

31 

1 5 X 10-' 

0 

17 

0 

23 

1 5 X 10-* 

0 

0 

0 

10 

1 5 X 10-* 

1 5 X i(r« 

19 

19 1 

31 

1 5 X I0-‘ 

1 5 X 1 

0 

0 

23 

1 5 X 10-< 

1 5 X lO-'* 

0 

0 

17 

1 5 X 10-* 

1 

1 5 X 10-^ 

19 

17 

31 

1 5 X 10-* 

1 5 X 10-» 

0 

0 

23 

1 5 X 10-* 

1 5 X 10-» 

0 

0 

ID 

I 5 X I0-' 

1 5 X 10-< 1 

17 

17 

31 

1 5 X 10-‘ 

1 5 X 10-^ i 

0 

0 

23 

1 5 X 10-* 

1 5 X 1 

0 

0 

ID 

1 5 X 10-* 

3 0 X 10-< 

16 

19 

1 31 

1 5 X 10~‘ 

SOX 10-* 

0 

0 

i 23 

1 5 X 10-* 

SOX 10-* 

0 

0 

1 

1 15 

1 5 X I0-‘ 

6 0 X 10-* 

1 

! 16 

17 

31 

1 5 X 10-‘ 

1 COX 10-* 

1 0 

0 

a 

f ^ 

1 5 X J0-‘ 

6 0 X 10-* 

0 

0 

ID 

• Filter disc diameter, 12 7 mm A 13-mm zone of inhibition therefore repres 


trace activitj, and less than this is represented in tables as 0 inhibition 

Liavtd 7ncdtzm Nutnent broth prepared containing 

mercuric nitrate and cysteine in the same concentrations as 
expemnents \Mth the sohd media The inoculum iias prepared b> dm ^ 
ml of a 4S-hour broth culture of the test organism m 500 ml of sten 
logical salme and using 0 1 ml of this diluted culture to seed the tub^^ 

\ias determined after IS bours^ incubation at 37 5 C by centnfug'ition n 
kins' tubes at 2^000 rpm for 20 minutes ^ 

All expenments, employing both solid and liquid media, v^cre 
hy controls containing the sulfur compounds m the nppropnatc concra 






OiyflnioTnS u/4 ^ 

nitrate mixed and ayipUed to filler paper disc 


no. cove (It) 


1 5 X 10-* 
1 5 X 10-» 
1 5 X 10-» 

1 5 X 10-‘ 
1 5 X 10-‘ 
1 5 X 10-' 

1 5 X 10-« 
1 5 X 10-» 
1 5 X 10-' 

1 6 X 10-‘ 
1 5 X 10-5 
1 5 X 10-‘ 

1 6 X 10-* 
1 5 X 10-' 
1 5 X 10-« 

1 5 X 10-* 
1 5 X 10-‘ 
1 5 X 10-' 


AKTACOMSTCONC (If) 


imiiijtTiON roNE, uu/ 18 nx 




r colt 

E lyphosa 


Cysleinct 



1 5 X 10'« 

0 

23 

23 

J 5 X 

0 

17 

0 

1 5 X lO'* 

0 

0 

0 

1 5 X 10“^ 

1 5 X lO-* 

23 

23 

1 5 X 10“5 

1 5 X 10-5 

15 

0 

1 6 X 10-» 

1 5 X 10-5 

0 

0 

1 5 X 10-< 

1 5 X 10-5 

20 

21 

1 5 X 10-* 

1 5 X 10-5 

14 

0 

1 5 X 10-5 

1 5 X 10-5 

0 

0 

1 5 X 10-* 

1 5 X 10-* 

20 

19 

1 5 X 10-5 

1 5 X 10-* 

0 

0 

1 5 X 10-5 

1 5 X 10-* ! 

0 

0 

1 5 X ir* 

SOX 10-* 

18 

17 

1 5 X 10-5 1 

3 0 X 10-* 

0 

0 

1 5 X 10-5 1 

3 0 X 10-* 

0 

0 

1 5 X 10-< 

C 0 X 10-* 

17 

16 

1 5 X ir5 

6 0 X 10-* 

0 

0 

1 5 X 10-5 

6 0 X 10-* 

, 0 

1 0 


Homocysteine 


1 5 X 10-« 
1 5 X 10-' 
1 5 X 10-* 

1 5 y 10-5 
1 5 X 10-‘ 
1 5 X 10-5 

1 5 X 10-* 
1 5 X 10-< 
1 6 X 10-* 

3 0 X 10-* 
3 0 X 10-* 
3 0 X 10-* 

6 0 X 10-* 
6 0 X 10-* 
6 0 X 10-* 
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TABLE 2— Continued 


PHNCO^C (if) 

A^TACOVrSTCONC (If) 

iKnnimos losx xni IS ni 

E colt 

E iyphjsa j 5 «i 

Glutathione 


1 5 X 10-* 

0 

24 

21 

205 

1 5 X 10-5 

0 

14 

0 

220 

1 5 X 10-5 

0 

0 

0 

loO 

1 5 X 10-< 

1 5 X 10-5 

24 

21 

20 

1 5 X 10-5 

1 5 X 10-5 

14 

0 

21 

1 5 X 10-5 

1 5 X 10-5 

0 

0 

1 

15 

1 5 X 10-* 

1 1 5 X 10-5 

24 

! 20 

20 

1 5 X 10-5 

1 5 X 10-5 

13 

0 

10 

1 5 X 10-5 

' 1 5 X 10-5 

0 

0 

* 0 

1 5 X 10-^ 

1 5 X 10-5 

24 

18 

20 

1 5 X 10-5 

1 5 X 10-5 

13 

0 

1 10 

1 5 X 10-5 

1 5 X 10-5 

0 

0 

0 

1 6 X 10-5 

3 0 X 10-5 

22 

10 

2u 

1 5 X 10-5 

SOX 10-5 

0 

0 

15 

1 5 X 10-5 

3 0 X 10-5 

0 

0 

0 

1 5 X 10-5 

6 0 X 10-5 

20 

15 

2j5 

1 5 X 10-5 

6 0 X 10-5 

0 

0 

14 0 

1 5 X 10-5 

6 0 X 10-5 

0 

0 

0 


• Filter disc diameter, 12 7 mm A 13-mm zone of inhibition therefore represents oalj 


trace activity and less than this is represented in tables as 0 inhibition 
t 7 5 X 10"* M PMN was completely antagomzed for E colt by C 0 X m 
for E typhosa by 1 2 X 10“* m cysteine (control zones, 19 mm) 1 5 X 19"* W P ^ 
completely antagonized for S aureus by 1 2 X 10"* M cysteine 

and omitting the mercurial In the concentrations used, the compouncL thu 
added did not affect the growth of the bactena ^ ^ 

The test organisms were Eshencina coh ATCC no 730, EherlhcUc^ l]fp ^ 
ATCC no 7251, and Staphylococcus aureus, ATCC no 152 ^ 

The basic phenylmercunc nitrate (CcHsHgNOj CjHsHgOH) v,a5 o 
from The Hamilton Laboratories, Inc , glutathione from the Schuarz ^ 
ratones Inc , and Z(+)cysteine hydrochloride, Z(— )cystine, dZ-homoc\'SwC*- » 
and cfZ-methionme from General Biochemicals, Inc 


RESULTS 

The data in table 1 demonstrate an antagonism between c^'stcin- ^ 
medium and phenj Imercunc nitrate on the filter paper disc as ^ r 

dimmution in the zones of inhibition surroundmg the discs As la ^ 
earher, this method docs not permit companson of effective concen ra 










-- II m lavor of dipping the discs in 

mivtures of the germicide and — SH compound In table 2 are shown the effects 
bj'’ this method of the sulfhydryl-containing compounds cysteine, homocysteine, 
and glutathione on the g^o\^ th-inhibiting activity of phenylmercunc nitrate 
There is a marked difference in the sensitivity of the individual test organism 
to the germicide as shomi the zones of inhibition in the control group The 
greater sensitivity of Staphylococcus aureus to the mercurial is m conformity 
with the findmgs of Weed and Ecker (1931) and Birkhaug (1933) Within 

TABLE 3 


Growth of orgam^s w\lh cysicinc and basic phcnt/lmerciinc nitrate (PMN) tn nutrient broth 


niN cove, (H) 

CVSXriKE cove (If) 

GROWTH 

E cah 

HLHOPiavS TUI 

E typhesa 

)CS, 18 ES 

S aureus 

0 


0 

0 023 

0 002 

0 002 

1 5 X 


0 

0 

0 

0 

1 5 X 10-» 


0 1 

0 013 

0 001 

0 

1 5 X 10-* 


0 

0 023 ! 

0 002 

0 

1 5 X 10-< 

1 

6 X 10-« ' 

0 

0 

0 

1 S X 10-‘ 

1 

5 X 10-« 

0 010 1 

0 001 1 

0 

1 5 X 10-' 

1 

5 X 10-» 

0 023 

0 002 

1 

0 

1 5 X 10-* 

1 

5 X 10-* 

0 

0 

0 

1 6 X 10-* 

1 

5 X 10-5 

0 012 

0 001 

0 

1 5 X 10-« 

1 

5 X 10-5 

0 023 

0 002 

0 

1 5 X 10-^ 

1 

5 X 10-' 

0 

0 

0 

1 5 X 10-* 

1 

6 X 10-* 

0 010 

0 001 

0 

1 5 X 10-« 

1 

5 X 10-' 

0 023 

1 

0 002 

0 002 

1 5 X 

3 

0 X 10-' 

1 

0 

0 

0 

1 6 X 10-* 

3 

0 X 10-' 

1 0 014 

1 0 002 

1 0 

1 5 X 10^ 

3 

0 X 10-' 

0 023 

0 002 

0 002 

1 6 X 10-* 

6 

0 X 10-' 

0 

0 

0 

1 5 X 10-» 

6 

0 X 10-' 

0 OIS 

0 002 

0 001 

1 5 X 10-« 

6 

0 X 10-' 

0 023 

0 002 

0 002 


experimental error, the sulfhydryl-containmg compounds are equally effective 
in overcoming the action of the germicide In contrast, the compounds in 
which the — SH group is covered (cystine and methionme) were found to be 
ineffective, and therefore the results of experiments with these compounds have 
not been tabulated 

In table 3 is demonstrated the action of cysteme and phenylmercunc nitrate 
on the growth of the orgamsms m nutrient broth Agam, antagonism is evident 

DISCUSSION 

These experiments show that phenylmercunc nitrate inh ibition of the growth 
of Eschenchta coh, Eberihella typhosa, and Staphylococcus aureus can be dim i n - 
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ished or prevented by the combination of the germicide with tlie sulfh\dr\I 
contaming compounds c>steine, glutathione, and homoc^’^steme, but not with 
C3’'stine and methionine 

The reaction bet\\een the — SH group and the germicide can be demonstrated, 
smee the nitroprusside test for the sulfhydryl group becomes negatnc in 
test tube vhen the molar ratio of sulfhydryl compound germicide is grente* 
than 2 1, as required by theor^r for the reaction vnth both mercur\ atonic 
basic phenylmercuric mtrate (CeHsHgNOa CeHsHgOH) 

In the filter disc experiments, the sulfhydryl compounds at a concentration 
of 6 0 X 10”^ M did not completely overcome the effects of the highest concen 
tration of phenjdmercuiic nitrate (1 5 X 10"^ m), although the germicidal 
effectn eness of this concentration of mercunal was reduced for all organi'^ms 
The inhibition of Eberthella iyphosa by 7 5 X 10“® m phenylmercuric nitrate i\as 
offset completely b}^ 1 2 X 10“^ m cysteine Inhibition of Eschcrichta coh h\ 
1 5 X M phenylmercuric nitrate could be completely offset by 3 0 X 
or greater concentrations of the sulfh3''dryl compounds Staphylococcus auhjs 
was the most sensitne of the organisms to the geimicide, and it was possibleto 
obliterate the activity of 1 5 X 10“° m phenylmercuric nitrate by 1 5 X 
or greater concentrations of the sulfh3''dryl compounds Thus, in the filter dbC 
determinations, 10 or more moles (5 or more equivalents) of sulfh3dr\l com 
pound per mole of phen3dmercuric nitrate were required for suppression cf 
actmt3^ In nutrient broth, from 20 to 100 moles of c3stcinc per mole of mCi 
cunal (10 to 50 eciuivalents) were necessary to secure antagonism 

In the w ork on 3 east respiiation and on enz3’Tnes (Cook, Perisutti, and ^^atk 
1946, Cook and Perisutti, 1947, and unpublished data) it was also observed that 
concentrations of sulfhydr3d compounds several times greater than the thcorcti 
cal were required for the antagonism of phenylmercuric nitrate Fildes (Iv 
and Ca\allito, Baile3, Haskell, McCormick, and Warner (1945) made simiUr 
observ ations for the antagonism of HgCb toxicity by sulfliydr3d compounds 

These findings suggest that the organic mercunal, basic phen} Imcrcurt 
nitrate, hke mercuric chloride and certain of the natural antibiotics, 
presumed to react with essential — SH groups in the microorganism, suppo c 
in onz3Tne S3 stems Although such action probably occurs, as in the inhi 1 1 
of succmic deh3drogenase, the previously observed inhibition by phem m 
cunc nitrate of such enz3Tnes as cytochrome oxidase and catalase (Cook, 
McDe\ntt, and Bartlett, 1946), which have been showm not to require 
groups for their functioning (Barron and Smger, 1945), and the inabn'^ ^ 
sulfh3 dry 1 compounds to re\ erse the depression of cytochrome oxidase an 
respiration b3 phen3 Imercunc nitrate (Cook and Perisutti, 1947) 
gested that the germicide ma3 not be specific for — SH groups, but ^ ^ 

react with other acti\c groups m the enzyune protein Consonant a 1 
suggestions is the failure of attempts hy the present authors to ^ . 

hibiting effects of phenylmercuric nitrate on Eschenchta coh m bro ^ 
sequent addition (after 0 5 to 6 hours) of as much as 50 cqunalcnts ® ^ » 

or glutatluone The rc\ersal ex^penments, howe\cr, lca\c much to 
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in themselves were found to be inhibitory to the organisms Sahyun ei al 
(1936) also reported that high concentrations of cysteme inhibited the growiih 
of Eschcrtclita coh in a sjmthetic medium Other evidence suggests that phenjd- 
mcrcunc nitrate may be firmly bound to yeast cells For example, it was 
impossible to reverse the respiratory depiessing effects of the mercurial on yeast 
respiration with yeast extract (Cook and Kreke, 1943), nor could the respiration 
of >east be restoied by washing the phenylmercunc nitrate from the cells after 
a 15-minute exposure (Cook and Pensutti, unpubhshed) 

SUAIMARl 

The growth-inhibiting action of basic phenylmercunc nitrate on Escherichia 
cohj Ebcrihella typhosa, and Staphylococcus aureus can be antagonized by the 
Bulfh} dr 3 d-containing compounds cysteme, homoc 3 ''steme, and glutathione, but 
not by C 3 ^tme and methionme 
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A B\.C1ERTVL VIRUS FOR ACTINOMYCES GRISEUS^ 

H B WOODRUFF, T D NUNIIFIMER, a\d S B LEE 
Research Lahoratones of Mcrcl mid Co , Inc , Rnimaii, New Icrscij, and ElUon, Virginia 

Hcccncd for juiblic Jiilj 15, 1947 

Vtt ick b> bictciiil Miuscb on membcis ut the genus Actinomyces has been 
lepoitod m onh \ few matinees, but bacti iiophages which attack Enmyceies 
me pic\alcnt Mun industiial pioccsses which emplo\ bacteiia aie subject- 
to bicteiiopluge infest ition^ The isolation ot bacteuophage fiom soil and 
sewage nll^ be cisih iccomplished, but soil ( innot be consideied an abundant 
isouicc of ictinophage Isolations of ictiiionuceteb aie usuall}" made fiom 
feitile soils, howe^el, evidence of phage actum is seldom noted A tians^ 
missiblc ind filtciablc htic agent, which atta^k^ ictinoni} cetes, was lepoited 
b^ Wieimgi andAA lebols (lOdO) Ihis paiticul o plienomenon may be explained 
as being due to the action of i poljw dent actinojiiiage which initiated hsis not 
onh of the piient cultuie but dso of se\eial othei species Theie aie othei 
lepoits of hsis of Actuwnujccs foi which actinnphages could not be demon- 
stiated Howe\ei, the methods used would fail t > demonstiate the actinophage 
foi Achnomyccs gnscus (Dmitiieff and Sout^efT, 1036, Katznelson, 1940) 

Accompanying the lecent laige-scale mdustiial utilization ot actmomy cetes 
foi the pioduction of antibiotic substances, stud^ ot the gioup has been in- 
tensified (Schatz, Bugle, and Waksman, 1944, Poitei, 1946) The accumula- 
tive geneiations of growth of the cultuie'^, constantly subject to chance con- 
tamination thiough faulU an filtiation oi insufRcu ntly^ steiile laboraton and 
plant equipment and thiough enois in techniques, h we made it highly piobable 
that actmophages would be ledlsco^eled foi ^ctlnom^ cetes In fact, a lecent 
repoit indicated that an actinophage has been isolated fiom the stieptom^cin 
feimentation (Saudek and Cohngswoith, 1947) 

LXPI:RIME^T\L y^ORK 

We ha^e observed an actinophage in laboiatoiy^' cultuics ot A gnscus which 
weie exposed to laboiatoiy’' an foi a 24-houi peiiod l\Ioieo\ei, outbieaks 
have occuiied in a stieptomycin production plant, located about 500 miles 
distant fiom the reseaich laboiaton Fust lecognition of the actinophage 
occuned in labor atoiy^' shake flasks A gnscus cultures, which had de\ eloped 
undei submerged conditions foi 24 houis from a 10 per cent \egetative inoculum, 
Were changed to stationary’’ incubation conditions ind the cotton plugs iemo\ed 
Thin pellicles de^ eloped whi^h showed e^adence of plaque foimrtioii similar to 
that usually’’ associated wath bacteuophage de^elopment The cultuics weie 

' Throughout this paper the designation Actuiouiijces has been used to conform with the 
fifth edition of Bejgeifs Maiiual of Dctenmnaine Bacteriology In each case, the organism 
referred to may be classified under the terminolog\ proposed b\ W aksman and Hcnrici 
(1943) as Sireptomyces 
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.Iteiod tlnough Ulti ihno fnttcd gh.s filtois, nnd the filt. dcs J„o^o.l tol.oin. 
from h 1C ton il or nctmonn ceto contamnntion The filtmtc, iilion id,!,,! i., i 
nouii inocul itod siibmcigcd ctiltuie of J gnscus, picicntod imti ition of icnmth 
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\ inriu^ (iilutioiK (jf tlir filti it( \\(re plucd on in ijru medium ^Mtli 1 
^pon ^ 1 Ih t\f)Uil moth-eitfii* fulturc>, < h mu ten^tu of hutennp*^ 

cont imin itum, df\flopcd willmi 21 hour- Idiqufs did not id d^^ 
idditional iiuiibituin A\itlnn IS lioiir^ tlu 1 ^^o\^til 

phqm< hid -ponihted md (oiint- of the pliqiif*. e ould lx m idf ’Mtl* 


(figure 1) The filtiale from the culture m >n . i uic uiou v 
tmophage was noted contained 55,000,000 plaque-forming units per ml A few 
resistant cultures of A gnscus developed when exposed to high concentra- 
tions of the actinophagc 

Actmophage infestations of A gnsciis in a streptomycin production plant 
have occuned In each case simultaneous bacterial contamination or other 
factors indicated an outside source of the actmophage No evidence has been 
found that the actmophage v as derived from stock cultures of A gnseiis 

MuUiphcaiion of actinophagc The lytic agent was earned through several 
cultures of A gmeus in senes and initiated lysis m each instance To prove 
transmissibilit}’’ of the agent, 0 01 ml of a bactena-free filtrate was transferred 
to 50 ml of A griscns culture After 24 hours of submerged gro'ivth, the lysed 
culture was filtered and 0 01 ml of filtrate added to a new culture The trans- 
fers, with filtrations between each, were contmued for a total of six cultures 


TABLE 1 

MuUiphcaiion of aclinophage 



ACXmOPHACE PER UL 

MULTIPLICATION PACTOR 

i 

Individual transfen 

Accumulative 

Phage inoculum 

1st transfer 

20,000,000,000 

32.800,000,000 

8,200 

8,200 

2nd transfer 

100,000,000,000 

16,000 

131 X 10» 

3rd transfer 

36,000,000,000 

1,800 

236 X 10® 

4th transfer 

48,000,000,000 

6,600 

156 X 10^* 

6th transfer 

64,000,000,000 

6,600 

103 X 10^^ 

6th transfer 

9,600,000,000 

735 

75 X 10« 

Control A gnseus 

<10 

i 



Filtrates from each flask were saved and plated by the plaque method for the 
determination of numbers of actmophage These determinations (table 1) 
prove that the agent is transmissible and multiphes after each transfer For 
each plaque-forming particle added to the first A gnseus culture m the senes, 
a total of 75 X ICP particles had been produced on completion of the sixth 
transfer 

Achnophage-succeptible strains of A gnseus Most bacteriophages are 
specific m activity against a single strain of a species Actmophage was first 
isolated from cultures of A gnseus no 9, from the collection of the New Jersey 
Agricultural Expenment Station, and was subsequently found m fermentations 
with other strams, of different streptomycin-producing capacities, from the 
collection Likewise, three ultraviolet mutants of A gnseus, morphologicall^r 
distinct from the parent, were susceptible Centraalbureau vor Schi mm el- 
culture cultures labeled A gnseus Waksman and Curtis and A gnseus Bucherer 
were resistant to the action of the actmophage However, no streptomycin 
was produced by these strains Six additional species of Actinomyces were not 
affected by the actmophage 
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Effect of culture age The actinophage multiphes at the expense of submerpj 
cultures of A griccuc of vanous ages Complete b'sis has been noted orU roti 
an inoculum consistmg of spores of A gnscus Si\ hours after inoculation (fc 
cultures incubated wath actmophage show a faint turbidit}’ due to genrm^Vd 
spores Shortly thereafter, the cultures 13-50 completel} , and onl} occaron IK 
docs a rcsstant colon}^ grow out With submerged vegetatne inocuh.rc, 
actmophage multiphcation can be proved b} the determination of numlvrs h 
the plaque method, but I3 5 s is not complete With 5 to 10 per cent b> 
of submerged inoculum, there is httle difference m degree of turbidit} and stnp- 
tom3cm production in 24 -hour-old control cultures and in cultures infected with 
actmophage Usuall}^ the infected cultures fragment at an earlier tunc tbsn 
control cultures Since streptom} cm accumulation ceases about the time 
fragmentation, \nelds are lower in infected cultures The majont} of 4 
cells which remain in the infected cultures following fragmentation are rcs£*:ir^ 


TABLE 2 


ScnsitiPit j of hactenophages to chemicals in the absence of cells 


ACEVT* 

\IKICTDAL DILCnOV 

E coll bacteriophage 


AcnflaMnc 

<0 004 mg/ml 

0 001 mg/ml 

ActinomgccS 34 

1 250 

1 32 

Actinomyces 11 

1 65 

<1 2 

Bacterium 24 

1 250 

<1 2 


• Bacterial \irus exposed to agent 16 hours at 37 C m nutrient broth substrate 


to the action of the actmophage Of 13 production lots of A gnscis wLc- 
fragmented earl3 , 11 wrere found to contain actmophage 
Aclinophcgc resistant strains of A griseus Several resistant cultures 
been selected following exposure of A gnseus to the actmophage Apr 
imatcl} half of the isolates are equal to the parent m strep tom} cm producii**- 
hlan\ appear to be l3sogemc One culture, which produced high J’ 
streptom3Cin m tlie presence or absence of added actmophage, alw3}'S ha^ ^ 
or three plaques of lysis m agar slant cultures Filtrates of a senes 0 
submerged culture transfers, m senes, all contamed approximatcl} 
forming actmophage particles per ml for a sensitive strain of A gnsnis 
actmophage w as capable of multipl3-mg to a shght extent on the ris:. - 
isolate Such cultures are dangerous for routine use m the production 0 
tom} cm, smee conditions arc fa%orablc for the multiphcation of an} tif 
phage ^anants which gam the abilit} to attack the resistant culture 

Sens^t^trty of actmophage to heat The susccptibiht} of the actirop ^ 
heat was determined Piltratcs of a 13-scd culture of A gnseus ^ 

^ucose **N-Z-ainmc” meat extract medium were used as a source ol 
Ko eMdcnco of destruction occurred from heating a filtrate containmj, 





^ . u 111 I ^\ itei uatli At 85 C, 0 02 
pci cent of the utinoplugc paitulcs sunned, md at 90 C, 000002 pei cent 
sum\ed Onh 0 5 pci cent of 500,000,000 1 gusevs spoies pei ml of v^atev 
lenmncd iblc iftci lie iting at GO C foi 15 minutes 
Scnsitiiifi/ of aciinoyhaqc io chemicals ^c^olal compounds ha^e been showm 
to dcstio\ hschcnchm coh bactciiophage dunng a 16-houi incubation at 24 C 
111 nutiicnt biolh, in the absence of liactcn il celK \cnfia^ane, a filtrate from 
m unidentified bactemmi, and filtiatcs liom two actmomjTetes ha%e been 
most actne The agents ^\ere tested agunt.t the actmophage undei similar 
conditions The littci virus A\as moie icsnt int than the E coh bactenophage 
(table 2) 

^1 qriscns vas inliibitcd bv acnfla^niie ui concentrations vluch veie de- 
stnictne to the actmophage Ihe filtiate ni Aciiiiomyces 34, vhich had no 


T\BLE 3 

Scnsitivih/ of bacteriophages io chemical n the presence of cells 


\GE\T 

r cull PE IL 1 

MG A CULTURE t 


Control 

' — Pha^:e 

Control 

-f Phage 

None 

3 X 10^1 

J < 103 1 

50 

7 

1 40 \ct no 34 

2 X 10^' 

^ IQS 

i 43 

8 

0 001 mg/ml Acn flavine j 

2 X 10^1 1 

5 105 

1 4 

1 7 

0 0001 mg/ml Aenflav me 1 

1 X 10^1 

2 X 10’ 

1 1 ' 

1 

1 3 


* Four hours’ incubation 

tTuent^-four hours’ incubation from spore inoculunj 30 nil volume 


inliibitorj’^ effect on giov\i:h of A gnsais^ did not letard I3SIS of A gnsens b;^ 
the actmophage (table 3) 

Morphology of actmophage ^ Preparations made fi om covei slip impressions 
of plaques foi electron microscope observation demonstrated the particulate 
nature of the Ijdiic agent and its close lesemblance to strains of E coh bac- 
tenopliage (Luna and Anderson, 1942) The chiomium shadowing techmque 
indicated a surprising diversity of stiuctuie of the actmophage particles (figures 
2 and 3) Practically all particles had a long, relatu el} thick but bent tail of 
approximately 0 015 by 0 15 microns ^^Tiereas the majont} of the heads 
appeared S3anmetncally spherical, 0 05 microns m diameter, man} weie com- 
posed of tw o distinct bodies and a few appeared to be similar to tetrads 

One or two preparations had a majority of particles with two tails (figure 3) 
The heads did not appear sufficiently dense to indicate that these particles w ere 
sunply overlying actinophages, and it seems possible that the preparations 
represented plaques formed b}^ morphological variants of actmophage which 

* Electron microscope studies were made by Dr James Hilher in the laboratories of the 
Radio Corporation of America, Princeton, New Jerse}, with preparations supplied from 
our laboratory 
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retained infectivity However, no proof can be onered at, p v.. « i> 

origin of tins unusual type They were not present m the majonty of the 

preparations 


sumuEY 

An actinophage has been isolated which infects strains of Actinomyces gnsexis 
The virus is particulate, transmissible, and imtiates lys s in young cells of A 
gnsexts It is more resistant to heat than are the spores of A gnseus^ but is 
susceptible to certain vmcidal agents which destroy Eschenchia colz bacteno- 
phage Resistant cultures of A gnseiis have been developed which may be 
lysogemc Electron micrographs prove the particulate nature and demon- 
strate the morphology of the actinophage 
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NOTE 

THE RAPID RECOGNITION OF ASPERGILLIC ACID 

WALTER C TOBIE and CLARA ALVERSON 

Chemolhcrajiy Binsion, Stamford Research Laboratories, American Cyanamtd Company, 

Stamford, Connecticut 

Received for publication July S, 1947 

In examining umdentified microorgamsms from natural sources m a search 
for new antibiotics, it is necessary to exclude previously known antibiotics 
This IS usually done by nmning a so-called “bactenal spectrum” against a 
number of different test orgamsms winch differ in sensitivity to the action of 
known antibiotic substances Hownver, even when the presence or absence of 
a known antibiotic is determined provisionally by this biological method, it is 
usually necessary to obtain additional evidence by chemical methods This 
may reqmre a large amount of extra work 
An umdentified mold (our no 401) gave strong antibiotic activity (wide zones 
of inhibition of grow^th on agar plates) with both gram-positive and gram- 
negative bactena When cultured for 7 days or longer at 25 C, m 100-ml lots 
of tiypticase soy broth (Baltimore Biological Laboratones) in 500-ml Erlen- 
meyer flasks, the surface became completely covered by a white mycehum, with 
areas of gray-green spores The imtial pH of 6 8 increased to 7 7 or higher 
Stenle filtrates neutrahzed to pH 7 also showed strong activity against bactena 
Bactenal spectra run in comparison with a known sample of aspergillic acid 
strongly suggested that the latter acid was present It was noted that Pas- 
ieurella multocida, Lederle strain, was inhibited by aspergilhc acid in much 
higher dilutions than the other test orgamsms, makmg it a useful test orgamsm 
m testing for this acid 

In 1943 Menzel, Wmtersteiner, and Rake (J Bact , 46, 109) bnefly mentioned 
that aspergilhc acid is volatile with steam This observation was apphed by 
evaporatmg or distilhng the alkahne broth cultures to about a third of the 
onginal volume The concentrate was adjusted to pH 4 2 with HCl Upon 
rapid distillation, a pale yellow, waxy-appeanng, amorphous sohd separated in 
the condenser and receiver On standing overnight, more material separated 
m a microcrystalhne form The sohd was dissolved out of the aqueous sus- 
pension, using chloroform in a separatory funnel Evaporation of the extract 
in a current of air at room temperature 3 rielded a viscous yellow residue which 
slowly hardened to a crystalhne mass The material was identified by means 
of its infrared spectrum, which agreed with that of aspergilhc acid in all respects 
Distillation of broth cultures adjusted to pH 4 2 without preliminary con- 
centration gave a solution of aspergilhc acid from which no sohd separated 
However, the presence of the acid was demonstrated by adding 1 drop of re- 
agent to 3-ml portions of the distillate A strong brown color was obtamed 
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with 1 N FeCh, 1 per cent copper sulfate gave a voluminous pale green preapi 
tate, and 1 per cent cobalt chloride gave a less abundant flesh-colored or pale 
orange precipitate or turbidity The saturated solutions remaining after solid 
aspergilhc acid had separated from the distillates of preconcentrated cultures, 
and solutions of kno^vm aspergilhc acid, gave sumlar reactions 

These tests permit the recogmtion of aspergilhc acid with a high degree of 
probabihty The tests proved useful with a second mold (our no 415) In 
this case it w^as possible to identify aspergilhc acid vnth very httle other work 

It IS also obvious that distillation may be used as a step in the preparation of 
aspergilhc acid Distillation alone will not necessanly give a pure product, 
smce several common fatty acids are appreciably volatile vitb steam It 
should also be noted that substances are known to exist which are veiy similar 
to aspergilhc acid but not identical wath it The volatihty of these substances 
with steam is yet to be determined 

Acknowledgments are made to Dr James D Dutcher, Squibb Institute for 
Medical Research, who furmshed a control sample of very pure aspergillic 
acid, to Dr R C Gore and associates of our Ph 3 sics Division, ^ho ran and 
interpreted the infrared spectra, and to Dr Kenneth B Raper of the Northern 
Regional Research Laboratones, who identified our mold no 401 as a typical 
strain of Aspergillus fiavus 



PROCEEDINGS OF LOCAL BRANCHES OF THE SOCIETY 
OF AMERICAN BACTERIOLOGISTS 

MICHIGAN BRANCH 

Detkoit, Miciiioan, June 12, 1947 


The Incidence of Enterococci in Human 
Feces ^f orris F White ^ Joseph A Kas- 
per, and Elizabeth J Cope 
Fecal Bpccimens received in the labora- 
tory of the Detroit Department of Health 
Ber\ed as the source of material studied in 
this investigation The culture medium 
and methods as outlined by Winter and 
Sandholzer were adopted, however, the 
medium was modified to the extent that 
penicillin w-as omitted from the confirma- 
tion broth 

In this senes of cultures there was a total 
of 200 fecal specimens examined Positive 
presumptive findings were showm for all of 
the samples Of the total number, 115 
showed the confirmatory findings for the 
presence of enterococci, but 85 cultures w ere 
considered negative Thus, organisms of 
the enterococcus group were recovered from 
57 5 per cent of the cultures in this senes 
The repeated failure to isolate enterococci 
from the feces of 7 persons in this study in- 
dicates that some humans may not be car- 
riers of enterococci at all times 
These findings seemingly indicate that 
enterococci are not always present in the 
feces of humans Implicit reliance upon 
the finding of enterococci as a single indica- 
tor of human fecal pollution of water 


cannot, as yet, be accepted without ques- 
tion 

An AcTiNornAGE in Strbptomtcin-pro- 
DuciNQ Cultures of Streptomyces 
anisBUS R M Smith, W H Kuhn, and 
G R M Mtcscl 

An actinophage which affects cells of 
Streptomyces gnseus has been found Its 
presence has been noted in stock cultures 
and in fermentation beers of various types 
Plaques typical of bacteriophage action 
were found when infected cultures were 
grown on agar media and lysis was noted in 
cultures grown by submerged methods 
The lytic agent increases m quantity upon 
cultivation of the infected cultures, passes 
through Seitz and other bacteriological fil- 
ters, and IS relatively heat stable 
Examination of stock cultures revealed 
that most of them were infected, and at- 
tempts were made to render cultures phage- 
resistant Exposure of the susceptible cul- 
tures to the phage under various conditions 
resulted in the development of resistant 
strains These strains, thus far, have 
shown no tendency to revert to suscepti- 
bility The streptomycin-producing capa- 
city of the strains which we have rendered 
resistant has not differed appreciably from 
that of the parent cultures 


NORTHERN CALIFORNIA-HAWAIIAN BRANCH 
Stanford University, California, June 14, 1947 


Selective Blood Factors Affecting Bac- 
terial Variation Werner Braun, Divi- 
sion of Veterinary Science, University of 
California, Berkeley, California 
The selective factor suppressing the 
establishment of nonsmooth variants of 
Brucella abortus, previously demonstrated 
in normal serum of various Brucella suscep- 
tible animals, has been found in the gamma 
globulin fraction In vivo, modifications of 


the gamma globulin, which occur after vac- 
cination, alter the selective activity of nor- 
mal gamma globulin In vitro, preliminary 
tests have indicated that the selective ac- 
tivity of normal gamma globulin disappears 
in the presence of sufficient anti gamma- 
globulin (produced by inoculation of bovine 
gamma globulin into rabbits) Similarly, 
in the presence of high albumin concentra- 
tions, corresponding to approximately twice 
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the normal blood concentrations, gamma 
globulin fails to express its selective ac- 
tivity It 18 hoped that this information 
will lead to the creation of in vivo conditions 
which mil favor the establishment of non- 
smooth, avirulent variants 

pE^iicinniN Stability in Phosphate, Ace- 
tate, AND Citrate Buffers John O 
Thomas j Biological Research Department, 
Cutter Laboratories, Berkeley, Calif or- 
ma 

The stability of crystalline potassium 
penicillin G (1,530 units per mg) in 
NaHnP04'Na2HP04 buffers (pH 6 0), of final 
molarities m/16, m/50, m/100, and m/200, 
and in m/50 acetate and m/50 citrate buffers 
was studied for a maximum of 86 days, the 
initial potencies of the sterile imxtures being 
approximately 10,000 units per ml Sealed 
5-ml volumes of each mixture were kept at 
37, 24, and 2 C> one set of mixtures in a tem- 
perature group being cup -assayed against 
Staphylococcus aureus (NRRL 318), and the 
pH*B being measured, on a particular day 
Residual activities were computed as per- 
centages of 2 ero time potencies 
Penicillin destruction at 37 C was rapid, 
first-order curves resulting Similar less 
steep curves were encountered at 24 C At 
both temperatures protection efficiency fol- 
lowed buffer capacity, with the exception of 
citrate, which was the most efficient 
At 2 C, a first order inactivation curve re- 
sulted for the saline control The buffered 
imxtures* curves, however, all showed per- 
iods, from 10 days (m/100 phosphate) to 72 
days (acetate), when the activities did not 
drop below 100 per cent These indicate 
activity potentiation because maximal po- 
tencies, for example, of 150 per cent and 138 
per cent (assay error about 10 per cent) oc- 
curred m the acetate and m/200 phosphate 
buffers, respectively, and these in spite of 
corresponding pH drops to 5 50 and 5 30 
Except for saline and m/200 phosphate, all 
2 C curves show ed an initial rise, a moderate 
fall, and a second rise before final drops, the 
nses being independent of pH drops, though 
pH*8 remained practically constant in 
citrate and m/16 phosphate No second nse 
occurred in m/200 phosphate, the pH of 
which (4 70) was the lowest of the buffers, at 
50 days Acetate provided the best protec- 


tion, despite a pH fall to 5 20 at 86 days 
The buffer ions are apparently concern^ 
with these phenomena 


An Improved Technique for Bacterio 
logical Culture Studies Pklhp J 
Brady and Paul EsaUj Researcli Labora 
tones, California Packing Corporation, 
San Francisco, Calif orma 
A simple, convenient, and inexpensiTe 
double compartment culture tube for 
fermentations and aerobic and anaerobic 
culture studies has been designed Its uses 
can be enumerated as follows 

(1) A liquid medium or agar is put in the 
long arm and pyrogallol in the short anno! 
the tube Anaerobes can be cultured by 
closing the tube with a rubber stopper after 
a cotton plug 

(2) The nature of a gas produced by bac 
tena (usually CO ) can be detected by put 
ting lime water (filtered) in the short arm 
Precipitation of calcium carbonate desig 
nates COi 

(3) Partial neutralization of acid media 
by hydrolysis dunng sterilization is avoided 
by placing the neutral medium m the long 
arm and the acid medium in the short arm 
and mixing together after autoclaving and 
cooling 

(4) Carbohydrate media for fermentation 
studies can be prepared by placing thesugw 
solution in the short arm, and the pep one 
broth with indicator and gas vial »» ^ng 
arm After being autoclaved for 10 to ^ 
minutes at 10 to 15 pounds* 
medium is cooled and the ingredien ® ^ 
bined m the long arm The short arm » 
now be used for the detection of ® 
creating anaerobic conditions 


Decomposition of Tartrates ^ 
MeSOPHILIC, SPOBEFORMlNa» ^ 

Anaerobes Joseph ' tv of 

Sion of Food Technology, University o 

California, Berkeley, ^orme^ 

Since the classical experiment pen 
oy Pasteur in 1863 m which he 
the existence of obligate anaert) 
salcium tartrate as a substrate), ' ^ 

work has been done with t ® ° 
anaerobic bactena which deco . ^5 
trate None of the later mvestiga 
were made with pure cultures 



TNscnty three strains of tartrate ferment* 
ing clostndia ^^c^o isolated by an enrich* 
ment technique from calcium tartrate ro- 
co\cr 3 » equipment and spoiled calcium tar- 
trate, as well as from soils 
With the exception of their ability to 
utilize gl 3 ccrol and tartrate, the majority of 
the strains isolated w ere closely related to 
the type species, Clostndiutn huti/nciimf as 
described in Bergey ct al (1939) Glucose 
was fermented nith the production of car- 
bon dioxide, hydrogen, butyric and acetic 
acids, and very small amounts of neutral 
volatile products Tartrate was fermented 


with the production u 

drogen, and acetic acid, and small amounts 
of butyric acid and ethanol Trace 
amounts of pyruvic acid from the tartrate 
fermentation were isolated and identified 

With the exception of f-malic acid, four 
carbon dicarboxylic acids other than d-tar- 
tanc acid were not attacked by the cultures 
investigated 

The Gn 23 mes involved in the decomposi- 
tion of tartrate were shown to be adaptive 
in character Attempts to adapt other cul- 
tures of the common saccharolytic clostndia 
to the utilization of tartrate were unsuccess- 
ful 




STUDIES ON POLYIMYXIN ISOLATION AND IDENTIFICATION OP 
BACILLUS POLlTMYXiV AND DIFFERENTIATION OF POLYMYXIN 
FROM CERTAIN ICNOWN ANTIBIOTICS 

P G STANSLY anp M E SCHLOSSER 

Chemotherapy Dtvtston, Stamford Research Lahoratoriesj American Cyanamxd Company^ 

Siamfordf Connecticut 

Received for publication July 23, 1947 

Poljanyxin is an antibiotic substance occurring in the culture filtrates of 
Bacillus polymyxa The isolated substance is unique in its specificity for 
gram-negatu e bacteria A summary of the more important results obtained 
during the course of several years, mcludmg chemotherapeutic and toxicity 
data, has been reported (Stansly, Shepherd, and White, 1947) The present 
contribution is concerned with the isolation and identification of the antibiotic- 
producing organism and some early findmgs which both charactenzed and 
distmguished pol3Tnyxin from certam known antibiotics 
Isolation of Bacillus polymyxa^ Bacillus polymyxa was isolated from soil m 
the course of a program designed to find new antibiotics for the chemotherapy 
of gram-negative bacterial infections The test orgamsm used m this search 
was Salmonella schotimuellert Our method for isolatmg antibiotic-producmg 
organisms with a specific type of activity mvolves the preparation of pour 
plates of soil dilutions usmg a variety of media and cultural conditions The 
plates are subsequently sprayed TOth a suspension of the test organism by means 
of an apparatus designed for the purpose (Stansly, 1947) 

Identification of Bacillus polymyxa The identification of Bacillus polymyxa 
was established by followmg the key to the identification of aerobic sporefonmng 
bacteria by Smith, Gordon, and Clark (1946) In the prelmunary work,^ 
edition 5 of Bergey’s Manual of Determinative Bacteriology (1939) and the 
galley proofs of edition 6 were found helpful 
An 18-hour broth culture consisted of gram-negative rods with few or no 
gram-positive cells Older cultures showed vegetative cells and oval spores 
either free or central to termmal in adhermg and swollen sporangia Broth 
cultures at 30 C were turbid and had a ropy sediment Indole was not formed 
Nitrates were reduced to mtrites Hydrogen sulfide was not produced Acid 
and gas were formed from glucose, lactose, and sucrose Acid but no gas was 
produced from rhamnose and a slight amount of acid but no gas from sorbitol 
Starch was hydrolyzed Acid and gas were produced from htmus milk, which 
was coagulated and reduced 

The existence of oval spores, central to terminal, and sporangia frequently 
adhermg and swollen, plus the predommant gram-negative nature of the vegeta- 

^ The authors are indebted to Dr Walter C Tobie and Miss Manon H Cook for the 
preliminary work which led to the conclusion that the antibiotic-producing orgamsm had 
characteristics intermediate between those of Bacillus polymyxa and Bacillus macerans 

549 



550 


P G STANSLY AND M E SCHLOSSER 


[VOL U 


tive forms, placed the orgamsm m group 2 m the classification of Smith, Gordon, 
and Clark The fermentation of carbohydrates, such as glucose, lactose, and 
sucrose, with the formation of both acid and gas narrowed the possible identit} 
of the organism to one of two species, namely, Bacillus polymyxa or BaciUm 
macerans These two species may be distmguished m the following ways (1) 
B polymyxa produces acetylmethylcarbmol from the proper substrate, whereas 
B macerans does not, (2) B polymyxa does not produce an amylase which 
catalyzes the formation of ciystallme dextnns from starch, whereas B mamm 
produces this enzyme Both of these critena were used to identify the unknown 
organism ^ 

Production of acetylmeihylcarhinol Three known B polymyxa strains (ATCC 
nos 8523, 7047, and 7070), one B macerans (ATCC no 355), and the mudenti 
fied orgamsm were moculated m the recommended neopeptone medium and 
under the suggested conditions (Smith ci al , 1946) The test for acetylmethyl 
carbmol was made according to O'Meara (1931) B macerans was negative 
for acetylmethylcarbmol on the third, fifth, seventh, and fourteenth day of 
mcubation, whereas the isolated organism and the three polymyxa strains were 
positive at these tunes 

Formation of crystalline dextrins The formation of crystalline dextnns from 
starch was detected by the lodme test of Tilden and Hudson (1942) The same 
strams of B polymyxa and B macerans were used as before, m a medium and 
under conditions recommended (Smith et al , 1946), with the exception that 
Merck's soluble starch was used mstead of Takamme or TSTiite Rose B 
macerans gave a positive test for crystalline dextnns (both hexagons and needles 
were observed) when tested after 2 weeks and agam after 3 weeks of mcubation 
AU three polymyxa strams and the antibiotic-producmg organism were negative 
at these times 

The two foregomg critical tests supported each other m identifying the org^ 
ism as a stram of Bacillus polymyxa^ a species apparently first descnbed in 1 
as Clostridium polymyxa (Smith et al , 1946) and of current interest m t e 
production of 2,3-butanediol by fermentation (Adams, 1946) 

Antihacterial activity When a colony of Bacillus polymyxa on an agar pa 
wms sprayed with a suspension of Salmonella schottmueUeri or Eschench^^^ 
and compared to a similar plate sprayed with Staphylococcus aureus, the ^ 
ence m the inhibition zones of the gram-negative and the gram-positive 
isms was stnkmg, the former showmg a wide zone (approximately ^ 
the latter a relatively narrow zone (approximately 10 mm) It was this ^ 
ence alone which stimulated further mvestigation since, at the tune 
vestigation began, no antibiotic had been descnbed which was more a 
agamst gram-negative bactena than gi am-positive bacteria 

At first some difficulty was expenenced m demonstrating antibactena 
tivity m bactena-free broth filtrates This may have been due to the u^^^ 
filters which removed the active prmciple With the introduction o sm 

2 The authors wish to thank Miss Nydia H Ananenko for conducting these tw 
IB the identification of Bacillus yolymyxa 



w ww nim c am« it i filtered broth is given in table 1 ^ 

As shown in table 1, crude fermentation liquor was highly active against the 
gram-negative bacteiia but either inactive or relatively inactive against the 
gram-positne organisms, confinnmg and extending the pre\aous findings with 
the Bactlbis poly my xa colonj’’ More stnlung than the results wath crude 
fermentation liquor were those obtained with concentrates of pol 3 anyxm 
These w ere relatn ely free of actmty against gram-positive bacteria, even against 
those organisms, for example, Diplococcus pneumoniae SVI, w^hich were some- 

TABLE 1 


AniihacUrtal spectrum of polymyxin broth filtrates* 


oacAKisu 

MEDXUllt 

HIGHEST 

umreiTOEY DimnoNt 

Escherichia colt 

A, 1/16 

1,024 

Ebcrthella typhosa ' 

A, 1/16 

2,048 

Shigella dysentcnac (Flexner) 

A 

512 

Salmonella schoitmuclleri 

A, 1/16 

128 

Pseudomonas aeruginosa 

A, 1/16 

12S 

Klebsiella pneumoniae 

A, 1/16 

512 

Streptococcus, group A, strain C203 

A 

8 

Streptococcus, group B 

A, 1/4 

4 

Streptococcus, group D 

A, 1/2 

0 

Diplococcus pneumoniae, type I 

A 

32 

Staphylococcus aureus 

A, 1/16 

0 

Clostridium welchti 

B 

1 

Erysipelothnx rhusiopathiae 

B+ 

1 8 


* The medium consisted of glucose, glycerol, tryptone, yeast extract, and morgamc 
salts, and was therefore far more complex than the routine production medium which was 
finally developed (Stansly et al , 1947) 

t A = Trypti case -soy-phosphate broth (Baltimore Biol Lab ) A., 1/2, 1/4, and 1/16, 

designates the medium used at 1/2, 1/4, and 1/16 the concentration recommended 
by the manufacturer 

B = Brewer’s thioglycolate broth 

B-h *= Brewer’s thioglycolate broth + bile and yeast extract 
t Inhibitory end pomt obtained by serial twofold broth dilution 

what affected by the crude liquor Thus from table 1 it can be calculated 
that E coll IS 32 times more sensitive to the broth filtrate than is I) pneu- 
moniae With a partially purified preparation of polymy^on the ratio was 
found to be in excess of 2,048 ^ 

A possible explanation for the difference m beha^uor of the hquor and con- 
centrates was that the liquor contamed at least tw^o actne substances, onl 3 ’’ one 
of which, the gram-negative principle, was present m the concentrates In 

» We wish to thank Mrs Edith Jackson for conducting the antibacterial spectr^ 

" We wish to thank Dr H J White and Mrs A H Clapp for the data on the punfied 
preparations 
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support of this explanation is the fact that, as descnbed below, it has been 
possible to extract from the cells of BacilliLS 'polymym a water-insoluble, ethane! 
soluble substance which is highly active against Staphylococciis aurens and m 
active against E colt It is suggested, therefore, that the low order of activity 
of metabohc liquors against gram-positive bactena may be due to small amounts 
of this cellular substance escapmg into the medium 

Ten grams of moist, imwashed Bacillus polymyxa cells and cellular debns, 
collected by centrifugation, were tnturated with sand to a smooth paste Fifty 
ml of 95 per cent ethanol were added and the suspension was shaken overmght at 
room temperature To 40 ml of the alcoholic filtrate, 80 ml of water were 
added and the resulting precipitate was collected and dned It was then 
dissolved m boihng 95 per cent ethanol and treated several times with charcoal 
to decolonze it Water w as added to the pomt of mcipient turbidity and the 
solution cooled The fiocculent white precipitate was washed with ethanol and 
ether, and dned A 200-mg per cent suspension was made in water and tested 
for activnty against E coh (MacLeod) and S aureus (Barlow) by the ag&t 
streak method The suspension inhibited S aureus at 10 pg per ml and was 
inactive against E coh at 1,000 /ig per ml The ongm (Stokes d al, 1942), 
solubihty properties (insoluble m water, ether, chloroform, and acetone), and 
biological behavior are similar to those of tyrothncin, although its relationship 
to tyrothncm has not otherwise been determined 

Effect of blood an actzmty Before therapeutic experiments were instituted it 
was felt desirable to determine the effect of blood on the antibactenal actinty 
of polymyxin and to detemune whether the active substance contained anr 
hemolytic principle On blood agar plates a colony of Bacillus polymyxc showed 
a very narrow but distmct zone of hemolysis However, the antibacterial 
zone (E coh) was much greater 

The experiment summarized m table 2 demonstrated that blood had no 
appreciable effect on the antibactenal activity of polymyxin, nor had pov 
myxm, m the concentrations used, any visible effect on blood Also, the ta 
that the last tubes show mg no growth apparently contamed no viable ce 
suggested that polymyxm had bactencidal properties 


Dtffereniiaiion of Polymyxin from Known Antibiotics 

Poljmyxm is active only agamst certam gram-negative bactena (Sta^f 
ei al , 1947) This fact alone would distmguish it from all known 
It may be worth while, however, to pomt out these and other differences inso 
as the literature or actual comparisons m the laboratory permit 
Tyrothncin The insolubihty of tyrothncm and its components m 
(Hotchkiss and Dubos, 1941 , Dubos and Hotchkiss, 1942), its hemolytic ^ a 
(Dubos and Hotchkiss, 1942), its toxicity (Robinson and Mobtor, 19 
its greater activity for gram-positive compared to gram-negative org 
(Dubos and Hotchkiss, 1941) distmguished it from polymy^n 
Sirepi(myc^n and strepiothricin Both streptomycm and 
gram-positive activity, thus distmguishmg them from polymyxin 



“ - 1 ^ ^ ly vin in certain other respects -w as notable These 

^ere tlicir basic nature (Waksman, Bugie, and Schatz, 1944), water solubility 
(Waksman and Schatz, 1945), high actmty against certain gram-negative 
bacteria (Waksman el al , 1944), surulanty m concentration procedure (Waks- 
man and Schatz, 1945, Stansly et al , 1947), and high activity of strepto- 
m>cm in the Klebsiella pneumoniae mouse infection (Heilman, 1945) In vievr 
of these similarities, it was felt desirable to compare polymyxm, streptomycm, 
and streptothricin experimentally to determme whether any close relationships 
existed among them 

Tlie effect of the pH of the medium on the antibacterial activity of strepto- 
mj^cm and streptothricm is ^^ell known (Poster and Woodruff, 1943, Waksman 

TABLE 2 


Effect of blood on the anitbactenal activity of 'polymyxin and the effect of polymyxin on blood* 


cove. POLYWYXIN j 

50 FEX CENTT BLOOD 

20 PEB CE>rr BLOOD 

1 

10 PEX CENT BLOOD 

NO BLOOD 

MG PEX (23rr 

Grcnrth 


Growth 

Hanolysis 

1 Growth 

1 

Hemolysis 

Growth 

32 

— 

— 

— 

— 


— 

— 

1/8 

— 

— 

— 

— 

— 

— 

— 

1/16 

— 

— 

— 


- 

— 

— 

1/32 


— 

— 

— 

— 

— 

— 

1/64 

1/128 

1/256 

+ 

+ 

4" 


-t 

+ 

+ 

■ 


-t 

+ 

+ 


1 1 + 


* Serial twofold dilutions of a crude polymyxin concentrate were made in tr 3 T)ticafie- 
Boy-phosphate broth containing the indicated concentrations of defibnnated rabbit blood 
Each tube contamed a total of 2 ml and was inoculated with approximately 700 E coh 
cells Incubation was for 2A hours at 37 C, and the presence or absence of growth was 
determined by visual inspection This was possible since the red blood cells had settled 
by this time 

t These tubes were plated out on agar (1 ml from the tube + 13 ml agar) and incubated 
for 48 hours at 37 C Xo visible colomes appeared on any of the plates 

and Schatz, 1945) and seemed a plausible basis for comparison Another, 
obviously, was an antibacterial spectrum with selected org ani s m s The results 
of tests usmg these criteria are shown in tables 3 and 4 

The anticipated mcrease m actmty u ith mcreasmg pH m the case of strepto- 
mycin and streptothricm (table 3) was confirmed, whereas pol 3 Tn 3 rsan showed 
essentially no change m activity under the same circumstances The data 
show that, under the conditions employed, streptomycm was 16 times more 
active at pH 8 5 than at pH 5 5 and streptothnem 78 times more active at pH 
8 5 than at pH 5 5 

The data in table 4 mdicate that the preparation of polymyxm used m this 
experiment was 16 tunes more active against E coh than was streptomycm, 
but less than one sixteenth as active as streptomycm against Bacillus mycoides 
Likewise, the preparation of streptothricm was twice as active as polyzay^^ 
against E coh but over 80 tunes as active agamst Bacillus suhtihs These ob- 
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servations comprised presumptive evidence for the nonidentity of polymynn 
with streptomycm or streptothricm Cross-resistance experiments with polj 
myxin and streptomycm confirmed this presumption (White and Clapp, to be 
published) Additional biological and chemical properties which distinguish 
polymyxm from streptomycin and streptothncm have been found and will be 
reported elsewhere 

Subtzhn The relative insolubility of subtihn in water at neutrahty (anony 
mous, 1946) and its mactivity against most gram-negative bacteria (Salle and 
Jann, 1945) distmguished subtihn from polymy™i The susceptibility of 


TABLE 3 

Effect of pH of assay medium on the inhibition of E colt 


EXPERIMENT 

ANTIBIOTIC t j 

CONC m MG PER CENT INHIBmNG GROWTH OP E COU* 

AT INITIAL pH VALHES OF 

55 

65 

7J 

gi 

1 

Polymyvm 

0 19 

0 39 

0 39 

0 39 


Streptomycin 

25 0 

25 0 

1 56 

1 56 

2 

Polymyxin 

0 19 

0 09 

0 09 

009 


Streptothncm 

1 56 

0 39 

0 09 

0 02 


* In T-S-P medium, agar streak method 

t Antibiotic solutions adjusted to pH 6 4 and titrated in media of mdicated pH 


TABLE 4 


Relative antibacterial activity of polymyxin, streptomycin, and streptothncm 




MINIMUM EFFECTIVE CONC * MO PER CENT 



E coh 

B myctndes 


1 

Polymyxin 

0 5 

>32 



Streptomycin 

8 0 

2 


2 

Polymyxin 

0 09 


>2,000 

2o 


Streptothncm 

0 04 



♦ In T-S-P medium, agar streak method 


subtilm to decomposition by pepsin, try^’psm, and pancreatm (anonymous, 19^ 
and the resistance of polymyxm to these en 2 ymes (Stansly and Ananenko, o 


Its activity against gra® 


published) confirmed the lack of identity 
Bacitracin (Johnson, Amker, and Meleney, 1945) 
positive bacteria and lack of activity against gram-negative bacteria uere 
only criteria available w hich served to distmguish bacitracm from 
Eumycin (Johnson and Burdon, 1946) The solubility of eumycm 
and its mactmty against Eberthella typhosa and E colt distmguishe i 
polymyxm 

Gramicidin S Its insolubility in water (Belozersky and Passhma, 
















Pitsklielaun, 1944), and greater or equivalent activity against gram-positive 
organisms compared to gram-negative organisms (Cause and Brazhnikova, 1944) 
distinguished this substance from polymyxin 
Cohstahn (Cause, 194G) Its higher activity agamst staphylococci than 
against E coh and its mextractability from broth filtrates with normal butanol 
vere characteristics distinguishing this recently desenbed matenal from 
polymj^xm 

Bacilhn (Foster and Woodruff, 1945) Bacillin is equally effective against 
gram-positive and gram-negative bacteria Blood neutralizes its activity in 
vitro These facts distinguished bacilhn from polymyxin 
Antibiotic from Bacillus lichemfonnis (Callow and Hart, 1946) Its greater 
actmty agamst S aureus than E coh , activity agamst Mycobacterium iubercu- 
losiSj and apparent insolubility in ethanol distinguished this recently described 
material from pol3Tny\in 


SUMMARY 

The isolation and identification of Bacillus polymyxa as the organism producing 
the antibiotic polymyxin is described Preliminary data on the biological ac- 
tivity of polym^’xjn v hich served both to distmguish and characterize the anti- 
biotic are given The points of distinction between polymyxin and some known 
antibiotics which bore a superficial resemblance to polymyxm are discussed 
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An investigation of the degiadation of cholesterol by soil microorganisms 
has shown that the initial oxidation of this compound is due, both m sziu and 
m pure culture, to the activities of members of a smgle genus, Proaciinomyces 
(Turfitt, 1944a) During the cultural work a considerable numbei of organisms, 
both molds and bacteria, persisted with the strains of ProacitrKyniyces through 
many subcultures, but when isolated and inoculated into synthetic medium 
with cholesterol as sole C source, were unable to survive Smee Proaciinomyces 
oxidation results in the formation of A^-cholestenone, and subsequently m 
actual molecular fission (Turfitt, 1944fc, 1947), it may well be that the further 
products resulting from Proaciinomyces oxidation constituted a substrate for 
the growth of the attendant organisms 

In the case of steroid compounds lacking the mtact hydrocarbon Ci? side 
chain, oxidations at — OH groups giving the corresponding keto compounds 
have been reported mth several groups of organisms, Flavobacienum dehydro- 
genans (Amaudi, 1942), Flavobacienum androsienedionicum (Ercoh and Mohna, 
1944), Flavobacienum carbonihcum (Mohna and Ercoh, 1944), Alcaligenes faecalis 
(Schmidt, Hughes, Green, and Cooper, 1942, Hughes and Schmidt, 1942), 
Escherichia coli (Schmidt and Hughes, 1944), and pseudodiphthena bacilh 
(Zimmermann and May, 1944) These investigations, however, have been 
concerned essentially with ketone formation, and, in general, alternative carbon 
sources such as serum or yeast water have been included in the cultures with 
the object of obtaming a vigorous multiplication of the bactenal cells and a 
consequent high dehydrogenase concentration Synthetic media with cholic 
acid as the sole carbon source have been used by Schmidt, Hughes, Green, and 
Cooper (1942) in oxidations with Alcaligenes faecalis, and tnketocholamc acid 
has been isolated as the end product of the bactenal action In this instance it 
IS clear that the carbon available for growth has been denved from a breakdown 
of the bile acid molecule 

The only general restrictive mfluence on bactenal utihzation thus far reported 
IS due to the side chain, and the available evidence suggests that the modified 
natural sterol skeleton is probably susceptible to attack by a vanety of organ- 
isms 


EXPERIMENTAL RESULTS 

Although the basic ring structure of all steroid compounds is fundamentally 
the same, the variety of compounds resulting from the introduction of various 
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substituents is extremely wide and is m addition vastly increased by the complex 
stereoisomeriG configurations m the steroid rmgs It was clearly impracticable 
to mvestigate more than a hmited selection of compounds, and a choice was made 
with a view to determmmg the influence on the microbiological utihzation of 
( 1 ) the length and nature of the side chain, ( 2 ) the presence of free and estenfied 
— OH groups, (3) the presence of ketomc groups in the more usual C 3 and C 17 
positions, (4) the presence of free or ^^blocked” double bonds, (5) the m- and 
irans-decalm configurations of nngs A and B, ( 6 ) stereoisomerism at Cj, and 
(7) the presence of benzenoid rmgs in place of the complete saturation of the 
polyhydrocyclopentanophenanthrene skeleton 

Isolation technique The process of selective isolation used in the investigation 
of the cholesterol-decomposmg organisms of soils (Turfitt, 1944a) was again 
adopted, although certain modifications were considered desirable owing to the 
vaned physical and chemical properties of the steroid substrates 

The soil samples were restricted to the Bntish Isles, and the 20 specimens 
taken constituted a range covermg both virgm and cultivated ground In each 
instance the sample was collected from immediately below the soil surface m a 
sterile 4- by 1 -mch tube No attempt was made to mvestigate the microflora 
present at a greater depth 

Stenhzation of the mdividual steroid matenals to be used in the cultures 
presented a somewhat difficult problem In the case of cholesterol, steam 
sterilization was entirely effective, but this method was obviously unsuitable 
with other steroids A^-Cholestenone, for example, has a melting point of 80 C 
and on coohng separates as a hard, sohd mass Agam, there can be no guarantee 
that m the case of some of the less stable steroids heat treatment does not result 
m a shght decomposition yielding a material contaimng traces of impunt} 
The same considerations hold with regard to sterilization by ultraviolet li^t, 
smce with ergosterol, and probably also m minor degree with certain otner 
steroids, molecular transformation results A successful solution of the prob em 
was achieved by recrystallization of the compounds from suitable solvents, wi 
filtration and drying conducted under aseptic conditions The matenals were 
stored in sterile tubes and were tested for sterility before use by streabng on 
both nutnent agar and wort agar plates 

Bacteria and actinomycetes Corneal culture flasks (lOO-ml), each containing 
30 ml mmeral salt solution (NH4NO3, 0 1 per cent, K2HPO4, 

MgSOi 7H2O, 0 025 per cent, NaCl, 0 0005 per cent, FeS 04 7H2O, 00000 
cent) were autoclaved at 115 C for 10 minutes, and approximately 1 mgs ero 


was mtroduced aseptically , 

Molds In devismg a method to ensure a normal surface 
mold mycehum, a distinction was drawn between the shghtly soluble car 
acids, chohe acid, and 3-hydroxy-A®-cholenic acid, and the insoluble 
compounds For the former, 100-ml Gates’ culture flasks, each con 
50 ml of mmeral salt solution (NaNOa, 0 2 per cent, KH 2 PO 4 , 01 a' 
MgSOi 7 H 2 O, 0 05 per cent, KCI, 0 05 per cent, FeSO* 7 H 5 O, 001 per^^ 
were sterilized by steammg for 1 hour on each of 3 successive days, n 



compol i petn dishes were c - , oye« , each contained a uic , compact layer 
of glass wool previously punaed by acid and alcohol treatment and just covered 
with the mineral salt solution The dishes were sterilized by steaming, and 
approximately 1 mg steroid was sprinkled with aseptic precautions over the 
surface 

Approximate!}’' 0 5 ml of a heavy aqueous suspension of each of the 20 soil 
samples were transferred to each of the flasks and dishes contaimng the various 
steroid compounds, and the cultures were incubated aerobically at 25 C After 
7 days a loopful from each vessel was transferred to a duplicate containing fresh 
medium, this procedure being repeated three times Fiom the final cultures 
transfers were made on (a) nutrient agar, (b) casein agar, and (c) Czapek-Dok 
agar The organisms which appeared on these plates were isolated and incu- 
bated in pure culture with the vanous stenod-contaimng media Increased 
bactenal count or development of mold mycelium, together with alteration of 
the pH of the medium, was regarded as evidence of steroid utilization 

Descnpiion and diBinhuiion of isolated organisms In this investigation of the 
aerobic organisms of soils, 20 soil samples and 20 steroid compounds, under two 
separate cultural conditions, involved 800 initial cultures After the subsequent 
‘‘purification” cultures, numbers of organisms were isolated which failed to 
survive on the appropriate pure steroid No mention is made of these organisms 
in table 1, which summanzes the numbers and general types of steroid-decom- 
posmg organisms isolated from particular classes of soils Strams of Pro- 
aciinomyces are indicated by “P,” and the numbers of strains isolated are given 
m parentheses Gram-negative rods are mdicated by “gm- ” 

Descnpiion of isolated strains In this survey, 313 of the 355 cultures of 
bactena isolated consisted of gram-positive rods, or of long or short filaments 
breakmg up m older culture into short rods or coccoid forms The organisms 
have been cultured on a wide variety of media, and m the majority of cultures, 
especially upon the less rich media, aenal mycehum was produced in greater or 
less degree, in no mstance was there evidence of spore formation upon examina- 
tion by the method of Orskov (1923) In cultural and morphological character- 
istics the organisms fall essentially within the genus Proactirwmyces and for the 
most part have the softness and translucency of the a-type of colony (Umbreit, 
1939) In several cases the strains did not show a strict agreement with the 
characteristics of known types, but the divergencies were msuflScient to justify 
new species rank, and they have been regarded rather as vanants of existing 
species The divergencies were particularly marked m respect to acid-fastness, 
a character which was found to be influenced markedly by the composition of the 
culture medium This feature of Proactinomyces has previously been reported 
by Jensen (1931, 1932) m a detailed taxonomic study of the genus 

The 298 cultures of this group have thus been classified as follows P opacus 
(135 cultures), P erythropolis (126 cultures), P glohervlus (17 cultures), P 
coehacus (8 cultures), P aquosus (5 cultures), P crystallophagus (5 cultures), and 
P agrestis (2 cultures) 
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TABLE 1 

Steroid-decom'posing organisms from varied soil types 


STEHOm 

Acid Sand 

XfOam 

Marl 

Alkaline 

Peat 

Arable 

StJgmasterol 

P (3) 

P(4) 

P(4) 

P(2) 

P(6) 

/3-Sitosterol 

P (4) 

P (4) 

P (5) 

P (3) 

P(4) 

Ergosterol 

P (3) 

P(5) 

P (3) 

P(3) 
gm U) 

P(6) 

gin(2) 

Coprosterol 

P (3) 

P (3) 

P (3) 

P (2) 

P(5) 

Dihydrocholesterol 

P (4) 

P (4) 

P (4) 

P (3) 

P(7) 

cpi-Dihydrocholesterol 

P (3) 

P (3) 

P (4) 

P (3) 

P(6) 

Cholesterol acetate 

P (3) 

P (4) 

P (3) 

P (2) 

P(5) 

Coprosterol acetate 

P (3) 

P (4) 

P (4) 

P (3) 

P(6) 

Cholesteryl chloride 

None 

None 

None 

None 

None 

Cholesterol acetate di- 
bromide 

None 

None 

None 


None 

Dicholesteryl ether 

P (4) 

P (4) 

P (4) 

P (2) 

P(4) 

A^-Cholestenone 

P (4) 

P (5) 

P (4) 

P (3) 

P(6) 

Coprostanone 

P (3) 

P (3) 

P (4) 

P (3) 

P{5) 

Androaterone 

P (4) 
gm (2) 

P (5) 
gm (1) 

P (5) 

P (3) 

P(6) 
gm (1) 

frans-Dehydro-andros- 

terone 

P (4) 
gm (3) 

P (4) 

gm (2) 

P (4) 

gm (1) 

P (2) 

gm (1) 


Progesterone 

P (3) 

gm (1) 

P (3) 
gm (1) 

P (3) 

gm (1) 

P(3) 

P(4) 
gm (2) 

3-Hydroxy-A®-cholenic 

acid 

P (4) 
gm (3) 
molds (1) 

P (5) 
gm (2) 

P (4) 
gm (1) 


P(5) 

gm(2) 
molds (1) 

Cholic acid 

P (4) 
gm (5) 
molds (2) 

P (4) 
gm (3) 
molds (1) 

P (3) 

gm (1) 

P (3) 

P(4) 
gm (2) 
molds (1) 

a-Oestradiol 

p (1) 

None 


None 


Oestrone 

None 

None 

None j 

None 






































































* Lv^ I v' I ^ ) I 'T • addition, two cultures have been 

provisional!}'' identified as Mycobaclcvixivi phlei An authentic strain of M 
phict has pre\uously (Turfitt, 1944o) been found unable to utilize cholesterol, 
and in consequence tests for cholesterol-decomposing ability have been conducted 
with a number of standard strains of this orgamsm The property, which was 
fairly vigorous in some strams, m as entirely lacking in the majonty and could not, 
furthermore, be stimulated by enrichment cultures Closely comparable 
findings have been experienced with cultures of Mycohactei'tum smegmatis and 
Mycobacterium stcrcons 

The /3-group of Proacitnomyces was represented by 13 cultures which have been 
thus identified P asterotdcs (8 strams), P farcintctis (4 strains), and P paraf- 
finae (1 strain) 

In addition to the Proacitnomyces j 42 cultures of gram-negative bactena were 
obtained Of these, 29 were short rods with 1 to 5 polar flagella and on aspar- 
agme agar (Georgia and Poe, 1931) developed the green fluorescence of Pseudo- 
monas The blue pigment pyocyanm, typical of Pseudomonas aeruginosa, 
was not detected even m glycerol peptone agar (Gessard, 1891, Turfitt, 1936) 
Neither these nor the 13 cultures of gram-negative nonfluorescent organisms 
have as yet been satisfactorily classified, but they are bemg mcorporated m a 
further study of steroid utilization specifically by gram-negative organisms 
Ercoh (1938), m the attempted bactenal reduction of male sex hormones to 
etiocholane denvations, has descnbed the culture of Pseudomonas fiuorescens, 
and also of Escherichia colt, m meat broth m the presence of 200 mg andro- 
stenedione No hydrogenation products could be isolated, but 86 mg of un- 
changed dione were recovered Similar results were obtained with iroTW-dehy- 
droandrosterone This apparent utihzation of the steroid by these organisms is 
thus m accord with the present results mdicatmg that in such modified steroids 
gram-negative bactena play a not mappreciable part 

The only instances m which isolated molds were able to survive repeated 
transfer in pure culture were with the free acids, chohc acid, and 3-hydroxy-A®- 
cholenic acid In all, six molds (identified as species of Penimlhum, Aspergillus, 
and AUenana) were found to yield a few stragglmg hyphae on the surface of the 
medium ^vlth the petn dish, glass wool techmque A definite mycehal felt never 
developed There was no change m the pH of the medium, and no detectable 
ketone formation Steroid decomposition by these organisms was clearly of a 
negligible order, and they were accordmgly not further investigated 
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SUMMARY AND CONCLUSIONS 

Cultural conditions are descnbed by which the microflora of soils have been 
tested for abihty to utilize a variety of steroid matenals 
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Steroids generally, with a veiy few special exceptions such as halogen substi 
tuted denvatives, are attacked by Proaciinomyces of soils, and these are clearl\ 
the predominant organisms in steroid decomposition 

With steroid compoimds in which the C17 side chain is modified or lachng, 
certain gram-negative bacteria, expecially of the fluorescent t3^e, can utilize the 
molecule 

Although species of Pemctlhum, Aspergillus, and Altenana have been found to 
survive repeated transfer m pure culture on soluble carboxjdic acid denvatives, 
the paucity of the growth and the lack of evidence of steroid decomposition are 
taken to indicate that these fungi are of small significance in the utilization of 
steroids in nature 


REFERENCES 


Aknatjdi, C 1942 Flavobacienum dehydrogenans {Micrococcus dehydrogenans) und seine 
Fabigkeit zur Oxydation von Steroiden sowie Substanzen aus der Sexualhormonreihe 
Zentr Bakt Parasitenk , II, 105, 352-366 

Ercou, a 1938 Zur Frage der biologischen Bildung der Atiocholan Denvate Ber 
deut cbem Ges , 71B, 2198 

Ercou, A , and Mouna, L 1944 Sui batten che determinano Tossidazione di steroidi 
ad attmtk ormonale I Un nuovo stipite di flavobactenum il flavobacienum andm 
iendxonicum Boll 1 st sieroterap milan , 23, 158-163 
Georgia, F R , and Poe, C F 1931 Study of bactenal fluorescence in vanous media 
I Inorganic substances necessary for bactenal fluorescence J Bact , 22, 349-361 
Gessabd, C 1891 Des races du bacille pyocyamque Ann inst Pasteur , 6 , 65»78 
Hughes, H B , and Schmidt, L H 1942 Oxidation of steroids by Alcaligenes JatcaUt 
Proc Soc Exptl Biol Med , 61, 162-163 

Jensen, H L 1931 The definition and sub-division of the genus Actinomyces Proc 
Linnean Soc N S Wales, 56, 345-370 

Jensen, H L 1932 The identity of certain species of Mycobaciertum and Proacitnomyces 
Proc Linnean Soc N S Wales, 57, 364-376 » 

Mouna, L , AND Ercou, A 1944 Sm batten che determinano Vossidazione 
ad attivitk ormonale II Isolamento e carattenstiche di un nuovo stipite 
bactenum tl flavobactenum carbomhcum Boll ist sieroterap milan , 23, 
Orskov, J 1923 Investigations into the morphology of the ray fungi Copo & 
Schmidt, L H , and Hughes, H B 1944 Conversion of hydroxy steroids to 0 
Olds U S P 2,360,447 y 

Schmidt, L H , Hughes, H B , Green, M H , and Cooper, E 1942 Studies ^ 
acid metabolism II The action of A fcahpenes/aecahs on cholic acid J Biol 


146, 229-236 

Tubfitt, G E 1936 Bactenological and biochemical relationships in the pyocy 
fluorescens group I The chromogenic function in relation to classification 
chem J , 30, 1323-1328 j 

Tubfitt, G E 1944a Microbiological agencies in the degradation of steroi s 
cholesterol-decomposing organisms of soils J Bact , 47, 487-493 
Tubfitt, G E 19446 The microbiological degradation of steroids 2 ® 

cholesterol by Proaciinomyces spp Biochem J , 38, 492-496 
Tubfitt, G E 1947 The microbiological degradation of steroids 4 issio 
steroid molecule Biochem J In press 
Umbreit, W W 1939 Studies on the Proaciinomyces J Bact , 38, 73-89 
ZiMMERMANN, W , A^D »1ay, G 1944 Bactenal oxidation of steroids 
Parasitenk , I, Ong ,161, 462-466 



ACTINOMYCETES AGAINST VIRULENT HUMAN TYPE 
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A simple way to test the antibiotic properties of an organism is to streak it 
on an agar plate and then, after growth has been estabhshed, cross-streak with 
the organism against which it is to be tested (Waksman, 1945) Tlie zone of 
inhibition of the test organism can then be measured Thus, by cross-streaking 
with many organisms, it becomes fairly easy to estabhsh a “spectrum’’ of the 
mhibiting properties of any bacterium, mold, or actinomycete which will grow 
discretely on an agar plate 

Once the bacteriostatic properties of an agent have been estabhshed, there are 
many ways of testing it quantitatively Extracts and filtrates of the culture of 
the effective organism may be tested by senal broth dilutions, turbidimetnc 
measurements, agar plate dilutions, and cylmder plate methods (Waksman ^ 
1945) Anim al tests may supplement these methods after a nontoxic extract 
or filtrate has been prepared 

Serial dilution methods and animal tests have been useful in measuring the 
reaction of antibiotic extracts on virulent human type tubercle bacilli Bush, 
Dickinson, Ward, and Avery (1945) report the use of the cylinder plate method 
with the rapidly growing nonpathogemc strain of tubercle bacillus known as 
“607,” but slowness of growth and difficulties in preparing suspensions of virulent 
human type tubercle bacilh are probably responsible for the fact that the cross- 
streak and the cylinder plate method have not, to the knowledge of the authors, 
been reported usmg these organisms 

This paper reports three agar plate methods which have been used to select 
actmomycetes with antibiotic properties and to test quantitatively filtrates and 
concentrates denved from these 

METHODS AND RESUITS 

Cross-streak method Thirteen strams of actmomycetes^ were selected for the 
tests Seven media were chosen which would promote the growth of the ac- 
tinomycetes and to each of these were added glycerol to the amount of 2 per 
cent and agar to the amount of 1 5 per cent The glycerol may be omitted but 
the growth of tubercle bacilli is slower The complete formulae for these media 
follow ^ 


^ This work was aided by a grant from Parke, Davis and Company, Detroit 32, Michigan 

* Obtained from Dr John Ehrlich of Parke, Davis and Company, Detroit, Michigan 

* Formulae for these media were furmshed by Dr John Ehrlich, Parke, Davis and Com- 
pany, Detroit, Michigan 
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Medium 1 


Com steep liquor (Cora Prod Ref ) 10% 

&HPO4 0 2% 

NaCl 0 5% 

Cerelose (Com Prod Ref ) 10% 

Medium 2 

Cora steep liquor 1 0% 

K,BP 04 0 2% 

NaCl 0 5% 

Maltose, tecli (Difco) 1 0% 

Medium S 

Curbay B-G (U S Indus Chem ) 0 5% 

Casamino acids (Difco) 0 5% 

NaCl 0 5% 

Cerelose 1 0% 

Medium 4 

B-Y fermentation solubles (Comm Solv Corp ) 0 5% 

Casamino acids 0 5% 

NaCl 0 5% 

Cerelose ^ 

Medium 6 

Beef extract (Difco) ^ 

Peptone (Difco) ^ 

Maltose ^ 


Medium 6 

Com steep liquor 

K,HP04 

NaCl 

Maltose cp 


10% 
0 2 % 
0 5% 
10% 


Medium 7 

Beef extract , 

Peptone (Difco) 

Naa 

Glucose 


0 3% 
0 5% 
0 5% 
10% 


These media were adjusted to a pH of 7 0, tubed m 40-inl amounts, and - or ^ 
in the icebox until needed When melted and poured into plates this 
medium helped to provide for loss by evaporation The actmomyco^^ 
streaked on the agar plates with a 4-mm loop from a spore suspension 
pourmg sahne over a sporulatmg slant and loosemng the spores witn a ' 
or directly from a more stable preparation made bj^ mixing the spores m a 
suspension and drying These plates were mcubated at 24 C for ^ 
until a streak of growth about 1 cm m width had been established ^ ^ 
A thick suspension of the H37Rv stram of MycohactenuTn 
obtamed b 3 ’' gnndmg a 14- to 21-da3^-old pellicle growth from a flask 0 



inoculum \s iiece^smy to gne unifoim stieik gio^i^h 

Sticnks of H37Rv eic m idc with a 4-mm loop at light angles to the actinomj’*- 
cetc slieak, and the plates incubated at 37 C The giowtli of tubeicle bacilli 
^^as at a miximum in 2 to 3 Meeks and appealed as a Made lugose band 2 oi 3 
times the Midth of the oiiginal inoculating loop The degiee of inhibition of 
the tubeicle bacillus Mas measuied in millimeteis fiom the edge of the ac- 
tinorn^ cetc stieak AVheic seveial stieaks of the same stiam of tubeicle bacillus 
MCie made, the leadings Meie aveiaged Seveial plates M^eie alsostieaked 
Math both H37Rv and H37RvR, the lattei a stiain of H37Rv Mdiich had been 
made lesistant in ttho to moie than 1,000 miciogiams of stieptomycin pei ml 
of medium (Wilhston and Youmans, 1947) Figure 1, nos 1, 2, and 3, shoM^ 
results of cioss-streakmg actinom^^cete plate cultuies Math H37Rv and H37RvR 

At the time the lesults Meie observed, the h^dlogen ion concentration of the 
agai adjacent to the stieak Mas deteimined in oidei to eliminate inhibition due 
to acidity alone The hj^diogen ion concentiation M^as deteimined by cutting 
out stnps of the agai and dissolving them in distilled Matei in the cup of a Cole- 
man electiometer Table 1 shoMS the vadth of the zone of inhibition (m mm) 
of the H37Rv stiain of tubeicle bacillus by 14 stiains of actmom^^cetes on seven 
diffeient media chosen because they favoied groMdh and antibiotic pioduction 
bj^ the actmom^^’cetes Table 2 shoM s the results obtained on tM^o media com- 
parmg the degree of inhibition of gioivth pioduced by the actinom 3 ^cetes on the 
^arulent H37Rv and tlie a virulent 607 stiam Not onty aie the oiganisms 
mliibited to a diffeient degree, but seveial actinomycetes inhibited the viiailent 
H37Rv and not the aviiailent 607 stiam Obviousty, if only the aviiulent stiam 
M ere used m these tests, effective antibiotics might be missed 

Cylinder plate method This method M^as used m an attempt to make quanti- 
tative studies on filtrates and extracts of cultuies Mhich had ahead}'' sIiomti 
mhibitoiy piopeidies The medium used Mas a modified Proskauei and Beck 
sjmthetic medium to M^hich M^as added 1 5 per cent agai Forty ml of the nu- 
trient agar Meie first put m the plate and alloMed to harden, and then a 4-ml 
quantity of the agai that had been seeded m ith 7 5 mg (Hopkins tube) of tubeicle 
bacilli per ml of agar Mas poured over the suiface This inoculum of tubeicle 
bacilli for the seeded layei M^as giound Muth mortar and pestle until very smooth 
so that the opacity of the giOMdh layer Mas unifoim aftei mcubation Stainless 
steel cjdmders Mere diopped gentty thiough a plastic “guide’^ onto the plates 
Into these cj^hndeis M^ere deliveied the diluted extracts or filtiates The plates 
Meie incubated 2 or 3 Meeks and the diameteis of the zones of inhibition Meie 
measuied in mm Similai poui plates Meie also made using the stieptom} cin- 
lesistant stiain of H37RvR The cj^mders Meie refilled Mhen necessai*} , fiom 
time to time, Math the extracts oi filtiates to replace loss of potenc} due to ex- 
posure at mcubatoi tempeiatuie 

C3^hndei plates M^eie made using four cylindeis to a plate Tmo of tl e c^l- 
mdeis on each plate contamed 10 and 5 microgiams, respectnel}, of strep- 



566 


^\^LLISTO^', ZIA-TVALEATH, AKD AOTJSUXS 


hOL 54 


tom} cm pel ml These consistent!}^ gave zones of inhibition of tubercle bacilli 
of appi OMmately 25 and 15 mm, lespectively, and served as controls Filtrate- 
and concentrates of the antibiotics to be tested vere placed m tvo differeaf 



Fig 1 AcTiNOAncETE Cross streaked with Tubercle Bacillus 
Vertical streak Actinomjcete Upper horizontal streak H37Rv Loiser 
streak H3JR\R (resistant to >1,000 imcrograms streptomycin) < tubercle 

Ko 1 No inhibition of either streptomycin-sensitive or streptom3 cm-resistanl 

bacilli 

hfo 2 Inhibition of streptomycin sensitive strain onlj t strain® 

Xo 3 Inhibition of both streptomycin-sensitive and streptomv cm-resistan 
No 4 “Streak pour plate” seeded with H37Rv and cross streaked with an i 
organism 


dilutions in the othei c^hndeis A compaiison w^th stieptomjcm coulf 
be establislied 

Since the maigins of the zones of inhibition were usually fuzzy ^ 
distinct, quantitative data weie difficult to obtain In some cases, 
clear-cut zones were noted 

St}eaJ plates seeded iiith tubercle bccxlh The plates seeded wnth t 


euUuTcs of acitnomycclcs cross-slrcakcd with virulent human type tubercle bacilli 
HS7Rv and HS7RvR* 


amount or INHIDITION IN MlIXUtETEKS 


NO 

1 

2 

3 

4 

5 

6 

7 

H37Rv 

H37Rv 

H37RvR» 

H37Rv 

H37Rv 

H37RV 

H37Rv 

H37RV 

■| 

1 

>37 

25 

25 

6 

3 

13 

>32 


2 

17 

15 

18 

0 

0 

1 

21 


3 

20 

0 

0 

6 

7 

1 5 

17 


4 

27 

9 2 

0 

11 

10 

11 

27 


5 

14 

11 3 

6 3 

1 11 3 

0 

7 

15 


6 

1 20 

16 

17 5 

1 11 

0 

1 10 

17 

20 

7 

! 13 

2 5 

4 

' 0 

1 0 

' 2 

14 


8 

0 

0 

0 

0 

0 

23 

0 

0 

9 

17 

19 6 

0 

8 

10 

15 

15 


10 

16 

IS 

15 

0 

26 

3 

18 


11 

0 

0 

0 

0 

0 

0 

0 

0 

12 

20 

3 

4 

10 6 

11 

8 3 

12 


13 

15 

15 

20 

12 5 

11 6 

18 

14 

15 

S ^nseusf 

20 

12 

0 



12 

20 

0 


* Hesistant to atreptomycin 

t Furnished through the courtesy of Dr Selman A Waksman, New Brunswick, New 
Jersey 


TABLE 2 


Comparison of sireah test results obtained with H37Rv and 607 


ACnNOMYCETE CUI/* 
TDBX NO 

amount or INHIBmON IN IULLIMEXEES 

Medium 6 

1 Medium 1 


H37Rv 

607 

H37Rv 

607 

1 1 

>32 1 

7 

>37 

13 

2 

21 3 1 

16 

17 1 

11 2 

3 

17 3 

16 

20 2 

10 7 

4 

27 

11 2 

27 

13 5 

5 

15 

6 

14 

6 5 

6 

17 

17 

20 

13 

7 

14 

1 0 

13 

! 0 

8 

9 

0 

0 

0 

9 

' 15 

20 

17 

20 7 

10 

1 18 2 

0 

15 8 

0 

11 

1 0 

0 

0 

0 

12 

12 

0 

20 

0 

13 

20 4 

18 5 

19 2 

15 

S gnseus 

20 2 

21 5 

20 5 

? 


bacilli prepared as described above were also used for streakmg the actmomycete 
cultures These were incubated first at 24 C for 5 days, then at 37 C for 2 weeks 
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If any of the actmomycetes possessed bacteriostatic properties, a zone of inhibi 
tion of the tubercle bacilli growing m the agar appeared next to the streak 
Pour plates were seeded with both the resistant H37Rv and the sensitive strain 
Eight of the actmomycetes were cross-streaked and the inhibition zones meas- 
ured These inhibition zones were approximately the same as those obtained 
by cross-streakmg the actmomycete with tubercle bacilli, as recorded in table 2 
Figure 1 , no 4, shows an mhibit ory organism cross-streaked on a pour plate seeded 
with H37Rv 


CONCLUSIONS 

The streak plate method usmg the virulent type of tubercle bacillus (H37R\) 
IS useful for the testmg of the antibiotic properties of actmomycetes This 
gives a relatively lapid method for screenmg cultures m a search for new anti 
biotics If a streptomycin-resistant strain of H37Rv is also streaked on the 
plates, cultures bearing a relationship to Stre'ptomyces gnseii^ may be detected 
A smooth, opaque layer of growth may be obtained by seedmg pour plates with 
H37Rv Filtrates and concentrates in cups will give inhibition zones, though 
quantitative measurements are difficult to make because the zones are not alwai’S 
sharply defined 

Pour plates, seeded vnth tubercle baciUi and streaked with actinoinvcete>, 
are useful in the search for cultures with tuberculostatic properties The platfo 
may be seeded with H37Rv or with H37RvR (resistant to streptomycin) and 
cross-streaked with various strains of actmomycetes 
The avirulent, rapidly growing strain 607 is not smtable for this purp(^i 
since some strains of actmomycetes which inhibit the virulent H37Rv straii^ 
not inhibit, under the same conditions, stram 607 
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Dunng a stud}’' of acquired resistance of bacteria to streptom5’'cm a culture of 
Escherichia coli was found to give rise to a round-cell vaiiant which could be 
mamtamed in culture Although the effect of streptomycin on the ongmal 
occurrence of these cells could not be definitely established, a study of the organ- 
ism and the effect of streptomycin on it has been made Round-ceU forms of 
Escherichia coh liave been reported by many workers as occurrmg m old cultures, 
in cultures under shghtly to\ic influences, and in cultures recentlj^ isolated from 
natural sources In only a few instances have the round cells been found to 
develop, as such, unmixed with rods 

Coccoid cells very similar to those encountered here have been reported by 
Hussong (1933) He obtained a culture contaimng only round cells when a 
stram of Escherichia coh, which had been carried in htbium clilonde broth, was 
transferred to lithium-chlonde-free medium The round cells returned to the 
rod form when grown again in a medium contaimng hthium chlonde, but several 
transfers m hthium-chlonde-free medium could be made before rods appeared 
in the culture Mellon (1925ff , 1925b) found round cells in a culture of Escheri- 
chia coh obtained from the unne of a patient who had been recennng urotropin 
and sodium acid phosphate He was able to produce the same forms when a 
normal culture of Escherichia coh was grown m broth contaimng disodium 
glycerophosphate and sodium chlonde When this culture w^as transferred to a 
plain agar slant, only the round cells developed On additional mcubation 
these sprouted into coarse filaments and rods 

Dienes (1939, 1942, 1946) studied extensively the ‘‘large bodies’’ of many 
vaneties of bactena and their relation to the L type of colony His studies on 
Escherichia coh were made with cultures from pathological unne specimens 
He observed the genmnation of the large forms of Escherichia coh into both 
pleuropneumoniahke and bacterial colomes He states that in his expenence 
the large bodies produced by toxic influences never gemunate and reproduce 
The naturally occurnng round forms he studied were fragile, difficult to stain, 
and difficult to transfer This is not the case with the cells reported here 

Alture-Werber et al (1945) reported bipolar rounded bodies which occurred 
m the unne of patients treated with penicilhn These reverted to t}pical 
Escherichia coh on culture Price et al (1947) reported similar forms in cultures 
of EbertheUa iyphosa cultivated m broth containing streptomycm 

EXPEimiENTAIi RESULTS 

The culture of Escherichia coh used in this study had been earned m stock 11 
years The procedure for mducmg resistance was to streak a senes of meat 
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infusion agar plates containing streptomycin with an aqueous suspension of the 
orgamsms, incubate the plates 48 hours, select a colony from the plate containing 
the highest concentration of streptomycin, transfer it to a plam meat infusion 
agar slant, and after 24 hours^ mcubation repeat the process It was on the 
sixth exposure to streptomycin that a colony, picked from a plate containing 
100 micrograms of streptomycin per milliliter of agar, was found on transfer to 
plain agar to grow entirely as globular cells Only the one colony was picked 
from this plate , later the culture from which this variant had come was restreaked 
and 8 colonies were picked and included m the resistance study A total of 6S 
colonies were examined at various concentrations of streptomycin None of 
these colony transfers showed a difference m morphology from the topical rod 
form of the parent culture Another expenment was started with the parent 
culture m which 20 colonies were selected from each plate containing streptomy 
cm and control colonies were selected from meat infusion agar Four hundred 
and forty-three transfers from colomes growing on agar containmg vanoib 
concentrations of streptomycm and 449 transfers from colonies growing on 
plain agar were examined All were rod forms The variant form apparenth 
was selected only by chance 

The atypical culture when growing directly on agar containmg streptom}Cin 
was a mixture of bizarre rods varymg m size, some curved, branching, and \ 
forms, and a few round forms A colony consisting of these cells when trans 
f erred to a plam agar slant grew only as round cells These cells varied m sue 
from about 1 to 7 microns and occurred smgly, m pairs, chains, and groups; 
occasionally they gave the appearance of small cells buddmg from the 
ones There was some vanation in the density with which the different ce 
stamed All forms were gram-negative The appearance of a large capsue 
surroundmg the cells was characteristic of all stamed preparations of theroun^ 
cells Figures 1 and 2 are photomicrographs of the two morphological fonn| 

The colomes of the variant on agar containmg streptomycm were sin r 
smooth, and nomnucoid, colonies of the round cells on plam agar were 
than the parent Eschenchta coh and were mucoid but not spreading 
mucoid character of the round-cell culture was most apparent on an agaf s 

Studies were made of the cultural characteristics of the round-cell cu a | 
of the parent culture, of a rod form of Eschertchia coh which had become 
to streptomycm, and of a culture of the vanant after it had entirely 
to the rod form Reactions m nme sugars (glucose, maltose, lacto^, ^ ^ J 
sorbitol, mannitol, sahcm, raflSnose, and xylose), tests for the prtwu 
nitrites, indole, and hydrogen sulfide , the hquef action of gelatin , and the rea 
m milk were the same for all cultures and were charactenstic for Escncn 
The only differences noted were an occasional failure of the round 
m a few media and delayed growth of the vanant in all media 
mcubation gas production by the round-cell cultures lagged considera } 
that by the rod cultures, at 48 hours it was equal 

Antigemc studies were made on cultures of the parent stram, on 

' The pbotomicrographs were made by Mr Nonnau Drake 
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form, winch at tint time w as i esistant to 10,000 AigstieptomA cm per ml, ind on a 
lod foim resistant to this same concentiation of stieptoniAcin A.I1 antigens 
I'eie agglutinated to titei with intiseia against both tie parent and lesistant 
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lods Antiseium against the lound cells gave a titei of 1 1,600 viththe homolo- 
gous antigen but only 1 400 with the heteiologous antigens These cros^ 
leaction studies demonstiated an antigenic similarity of the two rod fonn«?but 
an antigenic difference in the lound and lod forms Adsorption studies con 
firmed the similanty of the tvo lod foims and demonstrated the presence of an 
antigen m the lound cells which was not present in the rods 

The alj’^pical lound form was maintained by alternate transfers on agar 
containing stieptomj^cm and plain agar It has been carried through 67 e\ 
posures to streptomycin For the fiist 22 exposures the plain agar slant transfer 
was found to contain only the globulai cells Fiom the twenty-second to the 
si\t3^-seventh exposure plump lods weie seen laieb^ some of the agar slant 
cultuies 

A round-cell cultme (20 exposuies to stieptomycin, lesistant to 500 /igper 
ml) was tiansferied daity on plain agai and in plain bioth For the fiist 6 agar 
transfers and foi 2 broth transfers the cultuies weie all round cells 4ft er 14 
tiansfeis on agai oi after 7 in broth the round forms had entuely disappeared 
and the cultuies contained only small rods For an additional 16 transfers no 
round cells weie seen Another lound-cell culture much latei in the senes (ol 
exposures to streptomj^cin, resistant to 10,000 fig per ml) lequired 23 transfers 
on plain agai before a preparation containing only rod forms was seen, and a<^ 
this transfer series was continued it Avas found that a few round cells lecurred 

The fact that the variant form became lesistant to stieptomj^cin uas thought 


to be of particular interest HoweA’^ei, the total number of exposures neces'^'in 
before the round organism became resistant to 10,000 fig of stieptom 3 Cin per ml 
agai vas much gieatei than the number required for 11 other species of gram 
negatiA^e lods and the 8 colon^^ subcultuies of Escheitchta coh obtained b\ the 
same method of random selection of one colon^^ per plate The parent strain o 
EscheiicJna coh was resistant to onl}^ 10 fig streptomycin per ml At the • 
exposuie, when the Ami rant appeared, the i od had become resistant to 100 fig FJ* 
ml The Amiiant contmued to inciease m resistance, on the eighth exposure 
was lesistant to 250 fig pei ml and on the tenth to 500 fig per ml Its resistance 
did not inciease again until the thirty-fourth exposuie, when it gioAA on iijX/wpo 
per ml, and on the next exposuie, on 10,000 fig pei ml The round cell cu tu^c 
AAas then gioAAm alteinatety on agai containing 10,000 fig stieptom 3 cm per^^^ 
and on plain agai foi 38 moie exposuies, no highei concentiations Aieretc c 
With this continued culturing at the same high concentration the gro\rth era 
much moie abundant on the streptom 3 min agai, but the colonies 
plain agai gieAA pooity, sometimes failing to gioAA^ on the second tiansfer 
foims still piedominated on the agar slant transfers, but rod forms 
moie frequently The abundantty gioAAung organisms on agar con 
stieptom 3 mm tended to be less bizaiie, and Amry fcAA round foims 


Smee attempts to obtain the vaiiant form a second time from 


oujiuc uttciupto tu uutaiii uitj vmiaui luiin a ^ 

culture under the stimulus of stieptom3''cin had failed, it A\as though 
similai A anant might be selected from the rex^’erted rod obtained bA 
the round form on plain agai As this senes of transfeis aaos made, eac 



was streaked on agar containing buepi . ■ . 

colonies were selected from these plates, transferred to slants, and examined 
At first it appeared that the changing of i everted rod forms back to round forms 
was being demonstrated since all colonies selected from the streptomycin plates 
gave rise to round-cell cultures, whereas mci easing numbers of the colonies 
selected from plain agar w ere rods But as the series continued with fewer and 
fewer round forms being present in the transferred culture, it was observed that 
fewer and fewer colonies appeared on the streptomycin plates at all, although 
they all continued to be the atypical cells It was found that the cultures 
consisting of entirely reverted rods did not grow on streptomycin concentrations 
above 100 per ml, whereas the round-cell cultures grew at 10,000 per ml or, 
if selected from a lower concentration, grew at 10,000 per ml on the second 
transfer to streptomycin It could not be clearly demonstrated that reverted 
rod forms were being changed to round forms, but it appeared that the round 
forms remained resistant to high concentrations of streptomycin and’that when 
they became rod forms they lost that resistance 

SUMMARY 

A round-cell variant of EschencJna coh obtained from an agar plate containing 
streptom^^'cin has been described This was apparently a chance selection as no 
further similar strains were isolated The variant and the parent strain gave 
identical biochemical reactions Antigenically the variant and parent strain 
were not alike The variant was maintained by alternate transfers on agar 
containing streptomycin and on plain agar Serial transfers on plain agar 
produced a form which was identical to the parent strain culturally and mor- 
phologically No evidence was found that the round-cell form was a part of a 
life cycle or a result of a sexual process 
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High 5 aelds of to\in have not been obtained with the nonproteolytic, and most 
of the proteol}^.^, strains of Closindixm hoiiihnum, t 3 ^pe B, in our culture collec- 
tion An e\ceptionall 3 ’’ to\ic t 3 ^pe B culture designated as strain “okra” was 
received from the National Institute of Health It is a proteolytic strain 
capable of producing, under ceitain conditions, one million minimum lethal doses 
of toxin for the mouse pei ml of medium From cultures of the “okra” strain a 
highly toxic and immunologicall 3 ^ distinct protein has been isolated Though 
this protem has not been ci 3 ’^tallized it appears to be essentially a highly purified, 
single substance The method of isolation for ciy^^stalbne type A botuhnum 
toxin of Lamaima, McElro 3 >^, and Eklund (1946) has not been appb cable This 
IS probably a reflection of the ph 3 ^ical and chemical differences that exist be- 
tween the two serological t 3 pes of toxin Our methods and observations with 
the type B toxin are recorded in the following sections 

Maintenance of the stock culiine The stock culture is kept m chopped-beef 
infusion medium consisting of meat fragments submerged in a double-strength 
beef infusion including 0 5 per cent sodium chloride and 1 per cent Difco proteose 
peptone Once a month the culture is transferred usmg a 1-ml moculum per 
test tube Incubation is at 34 C for 48 hours, and storage is at room tempera- 
ture 

Medium and growth foi toxin production The organism is grown in 16-hter 
lots in 5-gallon pyrex glass carbo 3 ^s The medium is composed of 1 per cent 
technical grade casern, 1 per cent alkahne-treated cornsteep hquor (47 to 52 per 
cent solids), and 0 5 per cent technical grade glucose The cornsteep hquor is a 
filtrate of raw cornsteep treated by the addition of 1 part of water to 11 parts of 
cornsteep, alkalmizmg wnth 40 per cent sodium hydroxide to pH 8 5, and heating 
at 65 C for a half hour The casern is brought into solution by agitation at pH 
9 5 or higher The cornsteep hquor is added, and the pH adjusted to 7 2 The 
mixture is autoclaved at 120 C for 1 hour Upon coolmg, the proper amount of 
glucose solution, which has been autoclaved separately, is added 

A flask with 500 ml of the same medium is pi cheated to remove dissolved air, 
cooled, and moculated with the contents of a test tube of a 1-month-old stock 
culture After overmght mcubation at 34 C, 10 ml are transferred to 500 ml 
of medium m flasks corresponding in number to the carbo 3 ’'s to be used for toxin 
production These flasks in turn are mcubated at 34 C overmght and then are 
used as inoculum, one per carboy The carboys are incubated for 2 weeks at 
34 C 

As a consequence of vigorous fermentation during the first 24 hours of grow’th 
the pH drops rapidly to values of 5 3 to 5 5 The casern comes out of solution 
both as a sediment and as a thick, firm pellicle floating at the surface as a result 
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of the entrapment of gas bubbles At the begmmng of the third day a decrease 
m the evolution of gas and a rise m pH are noticeable The pH continues to 
rise slowly to 6 3 to 6 5 and may reach a value as high as 6 7 m two weeks’ time 
The decrease m acidity is accompanied by digestion of the casern The bulk of 
the casein becomes soft m consistency, friable, and smaller in quantity By the 
time the pH has risen to 6 0, toxin production in quantity becomes evident 
A maximum titer (1 million MLD per ml or greater) is generally obtained 
withm 10 days of incubation No exact time for maximum accumulation of 
toxm can be stated as it has varied for each batch studied As long as the pH 
does not rise above 6 5, there seems to be little loss of toxicity Some batches 
have been incubated for 22 days without reduction in titer The digestion of 
casein proceeds beyond the penod of maximum toxin production and is pre 
sumably responsible for the continual decrease m acidity It is of some advan 
tage in the punfication procedure to get nd of as much of the casern as possible 
by means of the natural proteolysis 

Deierminaiton of toxtciiy The toxicity of all preparations is detennmed h\ 
intrapentoneal injection of 0 5-ml quantities of solution into 20-gram white 
mice (rfc2 g) The mice are observed for a period of 4 days The term MLD b 
used in this report to signify the least amount of matenal killing all mice injected 
(usually 4 mice per dilution) LDso is calculated by the method of Reed and 
Muench (1938) and is based on the use of 6 to 10 mice per dilution 

In making up dilutions of toxic solutions for titration purposes, 0 2 per cent 
gelatin buffered at pH 6 5 by the use of 1 per cent phosphate salts has bren 
employed as diluent It is a peculianty of the toxin that it is relatively msolu c 
at pH values above 4 5 Therefore, to keep the toxin m solution dunng dilution, 
if a solution contains more than 5 X 10® MLD per ml, it is more satisfactorj o 
dilute with acidified water in the lower dilutions and with gelatin diluent m o 


higher dilutions , , 

Flocculation tests with commercially available horse antitoxins were s u i 
bnefly and discarded as an impractical means of following toxin concen ra i 
The chief reason for this lies m the relative insolubility of the toxin at pH 
greater than 4 5 Inasmuch as flocculation tests are generally performe 
the neutrahty point, the appearance of a flocculus with the toxin may be 
of loss of solubility rather than of a specific serological reaction It 
probable that the nature and quantity of other proteins present a 
solubility of this toxm Depending on the stage of punty and the c 
the serum m use, flocculation could, therefore, at times be the result o 
solubility and at other times the result of the formation of specific toxin 
aggregates Combmed with our meager knowledge of the toxm-^ 
tion for the particular system, this complex state of affairs made the 
test a less practical means of following toxin concentration than ti ru 


mouse 


ISOLATION PROCEDURE 


The method developed for the isolation of the toxm from the 
IS fimdamentally a senes of acid precipitations Salting out was f n 



to\in ironi solution Slight additions of salt, such as 1 per cent saturation with 
(NH 4 )''S 04 or NaCl to 0 1 concentration, result in large decreases m solubility 
This IS different from the experience vnth type A toxin of Lamanna, Eklund, and 
McElro}’’ (194G) Tlie foUouing is a description of the procedure Unless 
noted otherwise, w ork was conducted at room temperature 
Slep 1 Acid prccipitahon of toxin from cxdiure medium The 14-day-old 
cultures are acidified 'snth a strong acid (2 N HCl) to pH 4 0 As a result the 
bacterial cells, undigested casein, toxin, and other acid-precipitable material 
slowl}’’ settle out The carboys are permitted to stand overnight for the purpose 
of collecting as much of the insoluble matter as possible The supernatant is 
siphoned off, and the acid precipitates are pooled and freed of liquid by cen- 
trifugation (1,800 rpm in 250-ml cups) The recovery of toxin in the acid mud 
ma}^ be 90 per cent or more effective With some batches of culture pH 4 0 has 
not given quantitative recovery It must be emphasized that the solubility 
of the toxin is probably greatly influenced by other pioteins and products of 
bacterial gro^^i:h Inasmuch as the bacterial culture is a dynamic system, and 
all the variables affecting growth and proteolysis are not rigidly controlled, 
differences in composition between batches may exist at the time of acid pre- 
cipitation of the cultures Be this as it may, the empirically established fact is 
that an acid pH value exists at which the solubility of the toxin in the culture 
medium is at a minimum This value is pH 4 0, or a neighbormg one Snipe 
and Sommer (1928) and Sommer (1937) made the ongmal observation that 
botulmus toxins are precipitated from medium by acid 
Step 2 Extraction of the toxin from the acid mud The precipitate from step 1 
IS resuspended in distilled water to one-fortieth the volume of the mother culture 
This reduced volume will be referred to as the original volume A strong acid 
(2 N HCl) IS added to bnng the pH to 2 0 As much as possible of the undis- 
solved matenal is centrifuged off The remainder is removed by filtration 
through a filter paper of fine porosity, which was previously wet with water 
acidified to pH 2 The clear filtrate contains about 80 per cent of the toxin 
At this stage, before filtration but after centrifugation, if the suspension is 
rotated an amsotropic appearance is noted Under the microscope the sus- 
pended matenal is observed to be a mixture of amorphous and extremely small 
needle-shaped material It gives typical chemical tests for a protein The 
specific gravity of this material must be nearly that of the suspending solvent, 
for it can be removed only with great difficulty b3 repeated high-speed centrifu- 
gation A Sorval angle centrifuge rotating at 13,000 rpm or the multispeed 
attachment of the International Equipment Company's refngerated centrifuge 
(model PR-l) has been used The anisotropic matenal is insoluble at all pH 
values studied (2 0 to 7 0) It remains finely divided at pH 2 0 to 4 5, aggregates 
above 4 5, and stays so up to pH 7 0, the highest pH value studied This 
phenomenon is curious because the purified toxin itself in fairly concentrated 
solution remains soluble up to pH 4 5 and comes out of solution in clumps at 
higher pH values The anisotropic matenal is not considered to be toxin since 
its potency per milligram of mtrogen is considerabl}'’ lower than that for the 
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punfied toxin, but it is definitely toxic Repeated washing with acidified water 
does not entirely remove its toxicity Thus, if the material itself is not tone 
it strongly adsorbs toxm The color of this material is nearly white in contrast 
to the punfied toxin which has a grayish-yellow cast The matenal must be 
associated with the growth of the organism, inasmuch as it is not obtainable 
upon similar treatment of unautoclaved and autoclaved medium in which the 
organism has not been grown 

The choice of distilled water acidified to pH 2 for redissolving the toxm from 
the acid precipitate of culture rests on a series of experiments with the tone 
acid-precipitated mud which showed (a) The toxm was rapidly detoxified at 


TABLE 1 


Influence of pH, glycine j and salt on the resolution of toxin from an acid prectytiale oj median 


pH 

SALT ADDED 

DILUTIONS (m MILLIONS) OF SOLUTION KILLING 20 CXAM MICE 

(final CONG ) 

10 

20 

30 

40 

2 0 

0 

4/4 (26)* 

2/4 (26) 

2/4 (41) 

4/4 (41) 

2/4 (48) 

1/4 (C8) 


glycme 

0 1 M 

mm 

2/4 (26) ! 

2/4 (41) 

1/4 (41) 

2/4 (48) 

1/4 (48) 


NaCl 

0 1 11 

i 

4/4 (26) 

2/4 (26) 

2/4 (41) 

3/4 (41) 

1/4 (48) 

1/4 (48) 

3 0 

0 

4/4 (26) 

2/4 (26) 

2/4 (41) 

4/4 (41) 

0/4 


glycme 

0 1 M 

11 

mi 

0/4 

0/4 


NaCl 

0 1m 

0/4 

0/4 

0/4 

0/4 


no of mice dying 


no of mice injected 

Figure in parentheses is time in hours of observed death of mice 


pH values above 6 5 Thus, a suspension of 20 X 10® MLD per ml 
its potency m 3 days at room temperature at pH values of 2, 3, 4, ^ 
pH 6 5 less than 10 per cent was lost, at pH 7 5 there was a loss of abou ^ 
cent, and at pH 8 5 there was more than a 90 per cent loss (b)Resou ’ ^ 

poor m the pH range 4 5 to 6 5 and was quantitative only 
significant difference existea even at pH 3 and 2 (table 1) (c) 

of sodium chloride or glycme to the extracting solvent decreased the ^ « 

toxin gomg back mto solution, the effect being more notable at the i 

values (table 1) The clear 

Step 3 PTecipitaiion of toxin from the extract of acid mud 






























• igerator tomperaturc A flocculent precipitate, which is collected by centnfu- 
gation, forms 

Recover)^ of to\m in this step has varied considerably As the toxin is puri- 
fied, it seems to become progiessively moie soluble at pH values on the acid side 
of the isoelectric range This would definitely point to impunties as mfluencing 
the solubility of the toxin If, because of variations between cultures, the 
nature and quantities of impurities vary, then the differences in recovery of toxin 
from separate batches at this stage are explicable More recently it has been 
found that precipitation at pH 5 0 will result m higher and more consistent 
yields 

Step 4 Washing of the precipitate of step S The precipitate of step 3 is washed 
by resuspension for 5 to 10 minutes in one-fourth ongmal volume of a solution of 
15 m NaCl at pll 2 0 The v ashed toxin is recovered b}^ centrifugation The 
solubility of the toxin in this solvent is low, being less than 100,000 MLD per ml 

Step 5 Reprecipitahon of the toxin The centrifuged material of step 4 is 
redissolved in one-fourth original volume of acidified distilled water at pH 2 0 
Difficulty with resolution of the toxm v ill be expenenced if much sodium chlonde 
js carried over from the precedmg step The toxin is then reprecipitated by 
bringmg the solution to pH 5 0 to 5 5 and collected by centrifugation 

The precipitate of step 5 represents punfied toxin It should be noted that 
except for the ongmal toxic culture medium the solutions of the toxm are worked 
with at pH values on the acid side of the isoelectnc zone The method permits 
recovery of 50 per cent or more of the toxm 

PROPERTIES OF PURIFIED TOXIN 

The punfied toxin is an odorless, shghtlj’^ grajnsh-j^ellow-colored sohd Solu- 
tions appear yellow brovm m color During electrophoresis the color travels 
with the toxm boundary and shows no tendency to separate from it No 
characteristic absorption spectrum is sho'vni in the range from 800 to 340 mp 
It reacts positively m qualitative tests for protein such as the biuret, mnhydnn, 
Millon's, xanthoproteic, and Hopkins-Cole The Molisch test for carbohydrate 
IS negative The phloroglucinol test for nucleic acid is negative, and the orcinol 
test (Biahs reagent) slightly positive or negative The absorption spectrum 
with ultraviolet light shows no evidence of the presence of nucleic acid Absorp- 
tion IS maximum at 277 m;x Extmction plotted against wave length gives a 
curve typical for a simple protein (figure 1) Chemical anab^’ses for iron and 
metals precipitable by HzS were negative Thus no e^ndence for the presence 
of a prosthetic group has been obtained The microkjeldahl mtrogen of toxin 
dried at 120 C m a vacuum oven is 15 5 per cent Amide mtrogen has not been 
detected Nitrogen of free amino groups was found to be 5 9 per cent of total 
nitrogen 

An estimate of molecular size was made using the Northrop and Anson (1929) 
smtered glass membrane diffusion apparatus and their method of calculation 
The cell constant was determined by the use of NaCl The diffusion constant 
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was calculated from analyses for nitrogen diffusmg from the cell at 20 C m 
12-hour mtervals The toxin was dissolved in acidified water at pH 2 The 
diffusion constant was 0 0624 cm^ per day or 7 22 X 10“^ cm- sec“^ Assuming 
a spherical shape this mdicates a radius of 2 9 X 10~^ cm and a molecular weight 
of about 60,000 This is m contrast to 900,000, the figure obtamed by Putnam 
el al (1946), and 1,200,000, obtained by Kegeles (1946) by different method , 
for the molecular weight of crystalhne type A toxm 



Fig 1 Ultba VIOLET Light Absorption Spectrum of Pubified Type B Toxi 


It is difficult to place the toxin in the Amencan system of classification o ^ 
proteins On heatmg, it is denatured and will coagulate above pH 4 o, 
does not have easily classified solubihty properties Electrophoretic mo 
shows that pH 4 5 and lower values represent the acid side of the is 
range The toxm is quite soluble in water on the acid side of its isoelec nc 
and only slightly soluble on the alkahne side At pH 5 0 and ^ ^ .q ^nlv 
mg of toxin mtrogen per ml was found in solution At 20 C at pH 
0 056 mg of nitrogen per ml was present To date no 
between pH 4 5 and 7 0 have been possible because of inability to get su 
matenal mto solution 

Unlike the globuhnlike t3^e A toxin, purified B toxin in v ater 
not significantly mcrease in solubility upon the addition of salts 





* - i ^ ij II u iiici casing additions of NaCl to the medium 

nftei to\m piodiiction Ins occuiicd lesults in in initial use in solubilit} , follo^^ed 
b\ 1 dccie ise At the smic time, the pll of minimum solubility shifts to moie 
acidic A dues Thus A\ithout uldition of salt the minimum solubility is at pH 
4 0, but y ith 2 M X iCl pII 3 0 is the point of minimum solubility The changes 
in boliibilit\ th it aic being measuied m the case of table 2 lepiesent toxicities of a 
fen Inmdicd tliousind LHso pei ml, tliat is, e\tiemely small concentiation 


TABLE 2 

Influence of \ (iCl on ^olubililf/ of toxin in mother cultuic at thiec pH laliies 


s\LT vDprn 
(FI\ \L CONC ) 

Ml 

TOMCIT\ OF OltLTIONS (iN TltOUSVNDS) OF SUTERXAT^NTb \FTER CENTRIFUGING 
OFT INSOLUBLE \LVrTER IN CULTURE 

jO 

100 

1 

200 

-100 

soo 

0 

4 0 

1/2* 

' 3/4 

' 2/4 1 

0/4 

0/4 


4 0 

0/2 

0/4 

0/4 

0/4 

0/4 


3 0 

1/2 1 

4/4 ; 

1 

2/4 

0/4 

0 1 M 

4 0 

2/2 

1 

4/4 

3/4 

4/4 

0/4 


4 0 

2/2 

3/4 1 

1/4 , 

0/4 

0/4 


3 0 

2/2 

3/4 


4/4 

0/4 

0 5 M 

4 0 

1/2 

4/4 

4/4 

3/4 

0/4 


4 0 

! 1/2 

4/4 

4/4 1 

1/4 

0/4 


3 0 

2/2 

4/4 

4/4 1 

2/4 

1 4/4 

10m 

4 5 

2/2 

; 4/4 

1/4 

^ 4/4 

' 2/4 


4 0 

2 2 

1 4/4 

2/4 

1 0/4 

! 0/4 


3 0 

2/2 

1 

j 4/4 

1 1 

4/4 

1 4/4 

i 0/4 

2 0m 

4 5 

2/2 

4/4 

4/4 

i 1 

0/4 


4 0 

2/2 1 

2/4 

0/4 

0/4 1 

0/4 


3 0 

0/2 1 

1 

0/4 

0/4 

0/4 1 

0/4 


* ^ * no of mice cl^nng 

* Ratio = r 

no of mice injected 


diffeiences A millihtei of solution of 100,000 LDso contains 5 X 10 ' mg of 
to\in niti ogen oi a concenti ation of toxin of appi oximatety 0 0003 pei cent 
Electiophoietic studies in glj^cine buffei at pH 1 8 lei eal a single boundai*} on 
the ascending side In addition to the majoi boundaiy a small boundai’j , 
yhich lapidly moves off the field of viev , occuis on the descending side and does 
not leappeai on leveisal of the ciiuent (figuie 2) Electiophoiesis at pH 3 8 in 
glycine buffei shoved a single moving boundaijs the fast -moving boundaiy 
noted on the descending side at pH 1 8 vas not seen lAHiethei the latter is an 
anomaty oi has some special significance leniains to be detei mined 
Identity and potency of toxin Toxin in ciiltuie medium and puiified toxm 
veie tj^'ped by using commeiciall} available horse antitoxins m mouse piotection 
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ASCENDING DESCENDtNG 


Fig 2 Ei lctrophoretic Pattern of Purified Tire B Botulinfm To 

0 04^) DIssoL^'ED IN 01 m Glycine-HCI Buffer \t rH ^ ? "'^^nnciircmcnt < 
The moMng boundary marked T is the toxin At 1,920 seconds the 
mobilitj was 10 1 X 10'^ cmVsec/volt on the descending side and 11 0 X i 
on the ascending side Note a second moving boundary on the go that* 

1 in the 1,920 seconds’ photo This boundary rapidlj mo\ed off the > rc/'y!' 

IS no longer s isible in the 3,720 seconds’ photo Its mobilitj w as 2o 3 X k, Tr '' 

For this run the field stren^h w as 4 31 \olts per cm and the current jHustr'itio"! i 

stationar} delta and epsilon boundaries are marked according!} loe 
composite of drawings made from tracings of the original photograpas 

tests AIono\alent t}pes A and C antisera did not protect, but ^ 

valent antisera did Rabbit antisera a^ ailable as a le^^ult of immiimz i 




protective activity Immunol ogically, there can be no doubt as to the identity 
of the toxin produced by the strain “okra 
On titration of one batch of the toxin in the mouse and the guinea pig, the 
following \ allies \vere obtained 

6 2 X 10“® mg nitrogen = LDeo per 20-g mouse, 

31 2 X 10“® mg nitrogen = LDso per 300-g guinea pig, 

310 X 10~® mg nitrogen = LDso per kilo mouse, 

103 X 10“® mg nitrogen = LDso per kilo guinea pig 

These figures show that on a body weight basis the gumea pig is only three times 
as sensitive to the toxin as the mouse This conclusion is in sharp contrast to 
the recent report of Stevenson, Helson, and Reed (1947) that the gumea pig is 
6,000 to 8,000 times as sensitive as the mouse to the type B toxm These 
workers have used strams other than “okra” and relatively impure toxm 
The identity of similar serological types of toxin from different bacterial strams 
has been assumed, but final proof will rest with studies on pure materials isolated 
from different strains 

Separately prepared batches of purified toxin have given values of toxicity 
from 5 to 9 X 10“® mg of mtrogen per mouse LDso This is of the same order of 
magmtude as 4 5 X 10“® mg mtrogen obtamed with crystalline type A toxm 
On a weight basis the two toxms appear equip otent , but if future research con- 
firms the finding that the B toxin is 10 or more times smaller in molecular size, 
then on a molar basis the B toxin is considerably’^ less toxic 
The stabihty of the purified B toxm has presented itself as a serious problem 
It appears more labile than the impure material As a result we have not 
succeeded m stonng solutions m the refrigerator for periods greater than two 
weeks without serious losses in potency Interestingly enough, one batch of 
reduced potency studied appeared to have unaltered electrophoretic properties 
at pH 2 
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SUMMARY 

A method for the purification of the type B toxm from the proteolytic ‘'okra’’ 
strain of Closindium hotuhnum is descnbed Essentially’’ the purification depends 
upon working with the toxm on the acid side of its isoelectric zone and upon a 
senes of acid precipitations The purified toxm appears to be a slightly colored, 
sunple protein, soluble m water on the acid side of the isoelectric range and rela- 
tively insoluble on the alkaline side and within the isoelectric range Slight 
additions of salt do not favor increased solubility of the punfied toxin 
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Serologically, chemically, and ph3.sically the purified B toxin differs from t\’pe 
A crystalhne toxm Its toxicity per milligram of nitrogen is only slighth Ics^ 
than that of the type A, but on a molar basis, it would appear to be 10 times lb 
potent By the intraperitoneal route the guinea pig is about three times more 
susceptible to the toxin than is the white mouse 
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Bacillus pohjmyxa was originally detected as a producer of an antibiotic 
(Stansly, Shepherd, and ’^^’Tiite, 1947) by the fact that surrounding the colony 
of the organism was a clear zone of agar, whereas the remamder of the agar plate 
was covered with a layer of growth of the test organism Obviously the anti- 
biotic diffused through the agar and prevented growth of the test organism 
up to a point where its concentration fell to a value below that required for 
this mhibition It was, theiefore, anticipated that it might be possible to de- 
velop an agar diffusion method to assay for potency similar to the well-known 
methods for penicillm (Abraham et al , 1941) 

It was soon apparent, however, that the methods used for the assay of peni- 
cillm were not strictly applicable to the assay of polymyxm For example, in a 
preliminary experiment usmg filter paper disks saturated vnth solutions of 
polym 3 ^xm, insignificant zones of mhibition w^'ere obtamed usmg Escherichia call 
as the test organism, even with high concentrations of the antibiotic Incuba- 
tion of the plates was at 37 C Experiments were then undertaken, many of 
them qualitative m nature, to determine the conditions necessary for obtaming 
large, sharply defined inhibition zones When these conditions ivere determmed, 
it was anticipated that it might then be possible to relate zone size to antibi- 
otic concentration 

The following variables were studied (1) the t 3 pe of medium in base and seed 
layers, (2) the concentration and amount of agar in the base and seed layers, 
(3) the pH of the medium m the seed layer, (4) the mcubation time and tempera- 
ture, (5) the effect of surface-active agents, (6) the pH of antibiotic solutions, 
(7) the type of test organism, (8) the moculum size in the seed layer, and (9) 
the use of filter paper disks as opposed to ceramic cylmders In all of these 
studies with the exception of that involvmg test organisms, E coh (MacLeod) 
was the assay organism used 

Brief statements of the results obtained wall be followed by an account of the 
final method which evolved and the t^pe of data which w^as obtained A statis- 
tical analysis of the assay and a method for estimating the error of any assay 
will be given 

The type of medium in base and seed layers A variety of media and combma- 
tions of nutrients at different concentrations were tried Few were equal to and 
none superior to (at a concentration recommended by the manufacturer) 

^ Trypticase soy-phosphate medium (Baltimore Biological Laboratory ) 

5S5 
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from the standpoint of zone size and definition Since, in addition, “ISP” b a 
ready-made dehydrated matenal, it “was selected as the assay medium of choice 
Concentration of agar and amount of agar in base and seed layers Tofaio' 
diffusion m the seed layer it was thought desirable to reduce the agar concentra 
tion to a minimum At fii^t 1 5 per cent agar was used and later 1 2 per cent 
Four ml of agar was considered to be the smallest amount that could be con 
\ emently spread over the base layer The base layer was more or less arbitranlr 
set at 20 ml of 2 per cent agar Some variation of this was tned but resulted m 
no particular advantage 

pR of medium in seed layer A comparison of zones obtamed with the seed 
layer adjusted to an mitial pH of 5, 7, and 9 was made Growth but no zonb 
were obtamed at pH 5 The zones at pH 9 were smaller than those at pH 7 
The pH of the seed layer medium was therefore set at 7 
Incubation time and temperature The importance of the proper mcubation 
conditions for the success of the assay cannot be overemphasized It is worth 
repeatmg that mcubation at 37 C, no matter what other conditions were impo:^, 
led only to msigmficant zones of inhibition even with high antibiotic concentra 
tions It was surmised that these insignificant zones at 37 C were duo to one of 
two factors or, perhaps more correctly, to an interaction of the two Thc^e 
factors were, first, and possibly most important, the extremely rapid growth rate 
of E coll (Mason, 1935) and, second, the relatively slow diffusion of polymjYin 
To combat the first, recourse w as had to lower mcubation temperatures Tbi5 
had the desired effect of mcreasing markedly the zone of inhibition However, 
no smgle mcubation temperature between 15 C and 30 C was entire!) natr 
factory because the depressmg effect on growth resulted in poorly defined w 
uneven zones On the other hand, an initial period of low temperature incu 
tion followed by a penod of higher temperature mcubation was found to 
satisfactory compromise It appeared that the low temperature incubi wn 
slowed down bacterial growth to such an extent that the relative rates of gro 
of E coll and of diffusion of the antibiotic were m favor of the latter Af 
antibiotic had been given an opportumty to diffuse before appreciable gro* 
started, it was possible to contmue mcubation of the plates at a higher 
ture without adversely affectmg the zone of inhibition The 37 C meu ^ 
may be looked upon as merely a device for smoothmg and accentuating ^ 
contrast at the edge of the zone by providmg favorable conditions for e 
multiplication of the bactena surroundmg it As finally evolved, the 
perature mcubation was at 25 C for 18 hours This was followed b) u on 
37 C, thus penmttmg an assay to be completed m 24 hours ^ 

Effect of surface-active agents The second factor mfluencmg ^one 
considered to be the diffusion of the antibiotic It was thought that 
v\hich reduce interfacial tension might mcrease diffusion, thus mcreasing 
size and hence the sensitivity of the assay The following expernnen 
the results obtamed Ail measurements were an average of three J 

Experiment 1 “Aerosol OT”^ and “tween 60”’ were incorporated m 

* Amencan Cyanamid Compan) 

® Atlas Powder Company 



- -- - • rest IS are stio^n in 1 

Table 1 sllo^^"S that ‘Tween 60’’ had the effect of increasing the size of the zone 
On the other hand, “aerosol OT” failed to do this Of incidental interest is 
the apparent antagonistic effect of “aerosol OT” on the antibiotic In the con- 
centrations used, neither “aerosol OT” nor “tween 60” had any observable 
effect on the growth of E colt 


TABLE 1 


Effect of **aerosol OT” and ” tween 60 ” on the zone of inhibition in the assay of polymyxin 


CONC REACZJfT 

ZONE DIAMETEE IN Mlt 

Aerosol OT 

Tween 60 

per cent 



0 5 

0 0 

26 75 

0 05 

0 0 

25 5 

0 005 

18 0 

23 0 

0 0005 

18 0 

! 22 25 

0 00005 

22 0 


0 0 

22 0 


TABLE 2 


Effect of ” tween 60 ” and ” tween 80 ” on zone of inhibition in the assay of polymyxin 


CONC. XEACENT j 

ZONE DtAUETES IN UU 

Tween 60 1 

Tween 80 

per certt 



4 0 

30 0 

30 0 

2 0 

30 0 

29 0 

1 0 

30 0 

29 25 

0 5 i 

29 25 

29 0 

0 25 

29 25 

29 0 

0 125 1 

30 0 

29 0 

0 05 

28 5 

j 29 0 

0 005 

27 5 

28 0 

0 0005 

27 25 

27 25 

0 00005 

27 0 

27 5 

0 0 

26 5 


ExpexiTnent ^ is a comparison of “tween 60” and “tween 80”^ under identical 
conditions The results are summarized in table 2, which confirms the general 
effect noted m experiment 1 “Tween 60” and “tween 80” were approximately 
equivalent m activity 

Experiment 5 is a titration of pol 3 un 3 oan comparmg the zones obtamed with 
“tween 80” (1 per cent) and those obtamed m the absence of any surface-active 
agent Table 3 mdicates the results These confirm the results of experiments 1 
and 2 and, m addition, demonstrate the mcreased sensitivity obtamed with the 

^ Atlas Powder Company 
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surface-active agent That is, under these conditions 8 units per ml could bo 
detected in the presence of “tween 80,” whereas only 16 could be determined 
in its absence 


TABLE 3 

TtiraUon of 'polymyxin mih and without ^Hioeen 80^* 


CONC POLYltYXm 

ZOKE DIAMETER IN lOS 

Control ’ 

Tween 80 

uftiis/ml* 

128 

1 

26 7 

28 8 

64 

24 3 

25 7 

32 

19 7 

23 25 

16 

16 7 

200 

8 

0 

IG 0 

4 

0 

0 


* For a definition of the unit see ‘‘Procedure 



Fig 1 Effect of pH or Polymyxin Solutions on Zone Diasilters 

Effect of pH of antibiotic solutions Up to this point, solutions of 
for the purpose of potency determinations were made up in 0 02 
buffer, pH 7 0 It w as now desired to determme the effect, if any, of ^ ao 
pH of such solutions upon the quality and diameter of the inhibition 
Experiment 1 Solutions of the antibiotic were prepared m 0 85 per cen 
adjusted to pH 3, 5, 7, and 11 and diluted from 513 units per ml to 2 units ^ - 
in sabne of the respective pH The zone diameters were approMmatc > ^ ^ 

lent at corresponding concentrations for the solutions of pH 5j h ’ 








I ■ ' wu, x\ i-a&ouuispul were requirea lor o* ' preparations 

Experiment 2 Solutions of polymyxin were made up m and diluted with 
gbcmc-HCl buffcis^ at pH 2, 3, 4, and 5, and assayed The results are best 
illustrated graphically and are shown in figure 1 In this experiment it was pos- 
sible to determine 2 units per ml of polymyvn m solution at pH 2, whereas only 16 
units per ml could be determmed at pH 5 The buffers alone had no apparent 
effect on the growiih of the test organism 
Solutions of poljonyxm are quite stable except m alkalme regions (Stansly 
et al , 1947) Therefore it seems unlikely that the effect of the pH of the anti- 
biotic solution on zone size is a reflection of pH stability of the antibiotic These 
effects are hkew ise unrelated to any interaction with the filter paper of the disks 
smee the same effects were demonstrated with ceramic cylmders The under- 
lymg reason for the apparent mcreased diffusion or activity of pol 3 anyxm in the 
agar medium ith decreasmg pH is at present obscure 
In addition to increasmg the sensitivity of the assay, another advantage was 
apparent with antibiotic solutions at the lower pH’s m the glycme-hydrochlonc- 
acid buffers The zones appeared to be more consistently round and regular 
than those obtamed with the same material at pH 7 in phosphate buffer or saline 
The test organism A desirable test organism for the assay is one which is very 
sensitive to the antibiotic, gives good growth m 24 hours, and is preferably non- 
pathogemc E coh (MacLeod) satisfied all these requirements However, it 
seemed worth while to look for an organism with such a growth rate that the 
entire assay could be carried out at a smgle temperature Several were mvesti- 
gated (e g , Salmonella pullorum), but none proved satisfactory for this purpose 
Effect of inoculum size The smaller the number of bacteria m the seed layer, 
the larger the resultmg zone of mhibition, and hence the greater the sensitivity 
of the assay If carried far enough, however, a pomt is reached at which 
increased sensitivity can be achieved only at the expense of definition and regu- 
larity of the zones The optimum moculum was obtained by dilutmg a 24-hour, 
37 C broth culture of E coh (MacLeod) to a final concentration of 1 2,000 m the 
agar seed layer 

Filter paper disks vs ceramic cylinders No differences were found between 
disks and cylmders other than that ascribable to the differences m their respective 
diameters Thus, a zone obtamed with a given concentration of pol 3 any^kjn 
measured 25 mm with the disk and 21 mm with the C 3 dmder, but the difference 
m the diameters of the disk and cylmder was exactly 4 mm From the stand- 
pomt of simplicity and convenience, the disk seemed far superior to the cylmder 
method and was selected as the procedure of choice 

PROCEDURE 

The standard Lot 5 (crude, dry acetone precipitate) was set aside as the 
standard preparation of polymyxm for assay purposes and stored m a desiccator 
(under calcium chloride) m the refrigerator 

® Sorensen's buffer mixtures (Gortner's Outlines of BiochemtsiTyj 2d ed , p 123) This 
buffer at pH 2 was also used for the routine assay as desenbed under ‘^Procedure 



590 


P G STANSLY AND M E SCHLOSSER 


[VOL M 


The umi Repeated assay of the standard by the agar streak method g^\e an 
inhibition end point of 8 micrograms per ml with B colt (MacLeod) as the test 
organism Therefore, the unit of activity was considered as equivalent to the 
actmty of 8 micrograms per ml of the standard preparation 
Preparation of the standard solution The standard (204 8 mg) is dissohedm 
100 ml of 0 05 M glycme-hydrochlonc-acid buffer, pH 2, giving 256 units per m! 
Tests have shown that such a solution is stable mdefinitely m the refrigerator 
Further dilutions of the standard are made m the same buffer 
Preparation of samples for assay Solid samples are dissolved m 0 05 m glj erne 

hydrochloric-acid buffer, pH 2, and dilutions are made with the same buffer 
Aqueous liquids (e g , fermentation liquors) are first diluted with an equal quan 
tity of 0 1 M glycme-hydrochlonc-acid buffer, pH 2, and further dilution'? arc 
made with 0 05 m buffer Nonaqueous solutions of polymyxin are prefcrab!\ 
evaporated to dryness and then treated as solid samples Insufficient expen 
ence with nonaqueous solvents or mixed solvents does not justify any statement 
of the validitj^ of their use m the standard assay procedure 
Preparation of plates Twenty ml of 2 per cent TSP agar (pH approximate!} 
7 3) are poured mto petn plates and allowed to solidify Four ml of 1 2 per cent 
agar containing 1 per cent ^'tween 80’’ and a 1 2,000 dilution of a 24-hour, 37 C 
TSP broth culture of E coh (MacLeod) are then spread over the base layer The 
seed agar is dispensed with a 10-ml pipette from a smgle flask mamtamed at 
48 C m a water bath The plates are next dried in special trays, with lids rated, 
for 45 mmutes m a dry 37 C meubator 

Preparation of saturated disks Three filter paper disks (Schleicher an 
Schuell no 740E, diameter) m a stenle petn dish are saturated with a singly 
dilution (of either standard or unknown) by distnbutmg 0 4 ml from a 1 
pipette Any excess is removed by touchmg the disk twice on a dry area o ^ 
plate The saturated disks are then placed on the seeded agar by means o 
forceps The distnbution of the saturated replicate disks is dependent upon 
the manner of estrmatmg potency, as will be brought out later 

Incubation of completed plates The completed plates are replaced m 
special trays mentioned above and incubated overnight (16 to 18 hours) a ^ 
C with lids raised The followmg mommg the trays and plates are f^ansfenr^ 
to a well-humidified 37 C meubator and incubated for 6 more hours 
plates are then taken out and the zone diameters measured in mm in any 
venient way 


DETERVnNATION OF POTENCY 

Method 1 In this method three disks are saturated with a dilution o 
standard solution and placed upon a seeded plate This provides one 
the standard curve Other pomts are obtained from similar plates 
additional dilutions of the standard Only one dilution of the unkno™ 
Three disks are saturated wth it and also placed upon a seeded p a e 
each plate, m addition, is placed a smgle disk saturated with one 
concentration of the standard, e g , 128 units per ml, the purpose being 



on eacli trom this particular disk 

The triplicate disks of each standard dilution are averaged, and a standard 
curve relatmg potency m units per ml (plotted loganthmically) to diameter of 
zone of inhibition is constructed Such a standard curve is shownlm figure 2 
Fermentation liquors also gi\e a Imear relationship 



Fig 2 Stakdabd Poltmyxin Assay Cuevz 

This method has been successfully used when a relatively small number of 
assays were to be made Certam difficulties became apparent when a large num- 
ber of assays were made because of the lapse of several hours between the time 
the first and last samples were completed For example, suppose that the plates 
for the standard curve are prepared first and that the last sample is assayed after 
1 hour Dunng this time growth could take place at an appreciable rate (de- 
pendmg on the room temperature) in all the plates, but diffusion of the antibiotic 
only in those plates already completed (mcludmg the standard plates) There- 
fore, the resultmg standard curve could not be used for estimatmg the potency 
of the last sample without mcumng a considerable error, smce equal concentra- 
tions of antibiotic would give different zone sizes under these conditions 
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The following experiment illustrates this type of behavior Upon each of 
three seeded plates was placed a filter paper disk saturated vath 64 units perm! 
of a standard solution After standing at room temperature for an hour, cich 
of the three plates received another freshly saturated disk of 64 units p3r ml of 
the standard solution After the usual mcubation the zone diameters were 
measured, with results given m table 4 This table shows that the aierage 
difference between the two treatments was 3 0 mm If it were imagined tbit 
the standard applied after 1 hour was in reality an unknown sample, its potenci 
would have been reported as about 33 per cent too low 
Method 2 To obviate the foregomg difficulty the method of the Food and 
Drug Admmistration for the assay of pemcillm (Knudson and Randall, 1945} 
seemed admirably suitable In this method each assay is independently fy'r 
formed m conjunction with its own standard No standard curve in the 
sense is used The results are calculated by the use of formulae or nomographs 
derived from consideration of the straight-line log dose vs response relation 

TABLE 4 

Effect of delay xn apjilytng saturated disk to seeded “plate _____ 


ZONE DIAMETER (iDl) T7EON APPLYING DISK 


Immediately 



ship, such as exists with penicillin and polymyxin In the procedure now m u^, 
two disks of the standard, each saturated with a different concentration, an 
two disks of the unknown, also of different concentrations, are placed upon a 
smgle seeded plate It is essential that the ratio of potencies of the two stan 
disks be the same as the two unknown disks In our case the ratio is usja } 
Three replicate plates are used, rather than four as recommended for penic 
by the Food and Drug Admmistration 

A word should be said about the assay of fermentation liquors as 
that of concentrates Concentrates mvanably give zones of excellent de m 
This IS not always the case vnth fermentation liquors Occasionally, ^ ^ 
seems to be particularly true of ‘*stationary*^ fermentation liquoi^, i ^ 
double zones, or both, are obtamed which render measurement difficult an 
certain The concentration process evidently removes the 
stance Fortunately aerated cultures are relatively free of this defect 
it does occasionally exist, it is usually of no serious consequence 

STATISTICAL ANAL'ISIS OF THE XHCROBIOLOGICAL ASSAY OF POnY^rPG 

Smee it was anticipated that the error m the assay of 
would be greater than that m other samples (e g , concentrates), t e 






» > ' y 01 preparations Ten assays in each category were taken at ran- 
dom from over a period of a month and subjected to an analysis of variance, 
which took the form shown in table 5 

It IS apparent that seven degrees of freedom per assay, denved from the mter- 
actions, were available for the estimate of error The standard deviation, 
based on the total mteractions of the ten assays (70 degrees of freedom) m each 
category, was found to be 0 434 mm for beers and 0 304 mm for all other samples 
The test revealed a significant difference bet'^een the two values 


TABLE 5 


Form of anahjsis of variance for the assay of 'polymyxin 


SOUSCE or VARIATION 

DEGREES or 
PREEDOU 

Type 

Source 

Mam effects 

Standard vs unknown (preparations) i 

1 


Low cone vs high cone (concentrations) 

1 


Keplicate plates 

2 

Pirst order interactions 

Preparations X concentrations 

1 


Preparations X plates 

1 2 


Concentrations X plates 

2 

Second order interaction | 

1 

Prep^s X cone's X plates j 

2 

Total 


11 


The standard error of a log ratio of potency, Sm 9 = SLtt y — — (Bliss 

and Marks, 1939), wherem 
^ = 0 434 or 0 304 mm 
k =1 (for a two-dose test) 
t = 0 602 (log of the mterval of doses, 1 e , log 4) 
t = 1 994 for 19 m 20 odds 

= ~ , where V = S(7^ + Vl) - iSs + Sv) for the triplicate plates 
12 

The symbols Vh, Vl, Sb, and Sl are the zone diameters of high and low un- 
knoivn and high and low standard, respectively (ICnudson and Randall, 1945) 

= ~ , where W = S(Fir + Sb) - (J l - Sl) for the triplicate plates of an 
12 

assay (Knudson and Randall, 1945) 

Substitutmg these values, Sb = — > wherein 

= 1 81 (beers) 

= 1 27 (all other samples) 

100 j^antilog (— ^) - ij expresses the error of the assay as a per- 
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TABLE 6 

Error of assay as a percentage of potency* 
(95 per cent probability for beers) 

IT-* 20 21 22 23 24 23 26 27 

d= 

0 23 22 21 20 19 18 18 17 

1 23 22 21 20 19 18 18 17 

2 23 22 21 20 19 18 18 17 

3 23 22 21 20 19 18 18 17 

4 24 23 22 20 20 18 18 17 

5 24 23 22 20 20 18 18 17 

6 24 23 22 21 20 18 18 17 

25 23 22 21 20 18 18 18 

25 24 23 21 20 19 19 18 

25 24 23 22 21 19 19 18 

26 25 23 22 21 19 19 18 

27 25 24 22 21 20 19 18 

27 26 24 23 22 20 20 18 

28 26 25 23 22 20 20 19 

29 27 25 24 23 21 20 19 

29 28 26 24 23 21 21 19 

30 29 27 25 24 21 21 20 

31 29 27 25 24 22 21-20 

32 30 28 26 25 22 22 20 

33 31 29 27 25 23 22 21 

34 32 29 27 26 23 23 21 

35 33 30 28 26 24 23 22 

36 33 31 29 27 24 24 22 

37 35 32 29 28 25 24 22 

38 36 33 30 29 25 25 23 

39 37 34 31 29 26 25 23 

41 37 35 32 30 27 26 24 

42 39 35 32 31 27 26 24 

43 40 37 33 31 28 27 25 

44 41 37 34 32 29 28 25 

45 42 38 35 33 29 28 26 

46 43 39 36 33 30 29 26 

48 44 40 37 34 30 29 27 

49 45 41 37 35 31 30 28 

50 46 42 38 36 32 31 28 

52 48 43 39 37 32 31 29 

63 49 44 40 37 33 32 29 

55 50 46 41 38 34 33 30 

56 51 47 42 39 35 33 31 

57 52 48 43 40 35 34 31 

59 54 49 44 41 36 35 32 














Error of ossoy os o percentage of potency* 


(05 por cent probability, all Bamples except beers) 


V 

ir-4 20 

21 

22 

23 

24 

25 

26 

21 

38 

29 

db 

0 

16 

15 

14 

13 

i 

13 

12 

12 

11 

11 

1 

16 

15 

14 

13 


13 

12 

12 

11 

11 

2 

16 

15 

14 

13 

13 

13 

12 

12 

11 

11 

3 

16 

15 

14 

13 

13 

13 

12 

12 

11 

11 

4 

16 

15 

14 

14 

13 

13 

12 

12 

11 

11 

5 

16 

15 

15 

14 

14 

13 

12 

12 

11 

11 

6 

16 

15 

15 

14 

14 

13 

13 

12 

11 

11 

7 

17 

16 

15 

14 

14 

13 

13 

12 

11 

11 

8 

17 

16 

15 

14 

14 

13 

13 

12 

12 

11 

9 

X 18 

16 

16 

14 

14 

13 

13 

13 

12 

11 

10 

18 

16 

16 

15 

14 

13 

13 

13 

12 

11 

11 

18 

17 

16 

15 

15 

13 

13 

13 

12 

12 

12 

19 

17 

16 

15 

16 

14 

13 

13 

13 

12 

13 

19 

18 

16 

16 

16 

14 

14 

13 

13 

12 

14 

20 

18 

17 

16 

16 

14 

14 

13 

13 

12 

15 

20 

18 

18 

16 

16 

15 

14 

13 

13 

12 

16 

21 

19 

18 

16 

16 

15 

14 

14 

13 

13 

17 

21 

19 

18 

17 

16 

15 

15 

14 

13 

13 

18 

22 

20 

19 

17 

17 

15 

15 

14 

14 

13 

19 

22 

20 

19 

18 1 

17 

16 

1 15 

15 

14 

13 

20 

23 

21 

19 

18 

18 

16 

1 16 

15 

14 

13 

21 

24 

21 1 

20 

18 

18 

, 16 

16 

15 

14 
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centage of potenc}^ Tables were prepared, one for beers (table C) and one ir 
all other samples (table 7), in which the error (for odds of 19 in 20) as a pe* 
centage of potenc}’' was calculated for values of V from 0 to 40 and IT from 20 to 
30, coA ermg perhaps 99 per cent of all combmations of V and hkeh to occji 
In practice TF does not var}" appreciably from 24, whereas V vanes in accordance 
with the relative potenc 3 ’ of unknown and standard It may be pointed ojt 
that the factors V and TT are easil}’' obtained for each assa} and are prerequntcs 
for calculatmg the potenc}’' of an imknown, m addition to the error 

The determination of potenc}^ and the estimation of its error are based on 
assumed parallelism of the log concentration s the response cur\es of standvJ 
and unknown In isolated instances this assumption may not be jurtifi^i, 
and hence the estimation of potenc 3 " and its eiTor would be in\ahd Therefore, 
a test for departure from parallelism, i e , a significant mteraction of preparation 
X concentration, is made routmely for each assaj The vanance of thb uitCi 
action di\uded b}’' the tnple mteraction variance gives the required factor fc 
the test If this ratio is 4 35 or greater, then there is only a 5 per cent chance 
that the standard and unknown slopes are really the same, and it is pre:^umcd 
that they are significantl 3 ’' different The factor 4 35 is obtained from a tab'e o' 
“F” for 1 and 20 degrees of freedom 
For routine purposes the test for sigmficance of slope difference ma}" be simpli 
fied Thus, it was calculated, on the basis of the considerations above, th^'t l 
{Sb — Sl) — {V H — Fl) is 4 0 or more for beers and 2 0 or more for all oth 
samples, then a significant departure of parallelism between standard andun 
known slopes is presumed to exist, and the particular assa 3 ^ is discarded ^ 
small percentage of the assays fall in this class 

Experience has shown that the usual error for a 95 per cent probabiht\ l 
±20 per cent for beers and ±15 per cent for all other samples This error 
be further reduced b}^ repeatmg the assa 3 ’' The a^ erage percentage of 
thus obtamed dl^^ded b 3 ' the square root of the number of repetitions gl^*^'' ^ 
percentage of error of the average pot€nc 3 ’’ 

From time to time it ma 3 ’' be desirable to check the standard denations ujKji 
which the error is based Quahty control methods (Knudson and 
1945), when justified, would also be of value 
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SUMMARY 

The factors mfluencmg Escherichia cob mhibition zones produced b} the ^ 
otic poh'm 3 "xm are considered An agar diffusion method of assa} ^ ^ 

and a statistical anabasis presented As customani}’’ used, the ^ ^ 

cent probabilit 3 " is m the neighborhood of ±15 to 20 per cent ^ 
further reduced, if desired, b 3 " appropnate replication 
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The metabolic differences between assimilatmg and nonassimilatmg cells have 
been the subject of several recent investigations In this connection a stimula- 
tion of glycolysis when ammonia is added to yeast has been shown by several 
authors (Runnstrom, Brandt, and Marcuse, 1941, Wmzler, Burk, and du 
Vigneaud, 1944) Armstrong and Fisher (1947) have demonstrated a com- 
parable increase m the rate of oxygen consumption by Escherichia coh when the 
assimilation of ammonia is takmg place It follows from these observations that 
it may be possible to determine the amount of glycolysis or carbon dioxide pro- 
duced and the amount of oxygen consumed during the assimilation of known 
quantities of the mtrogen source 

It will be showm m the present work that m the bacterium Serratia marcescens 
the rate of oxygen consumption is also higher durmg the assimilation of ammonia 
than it IS in the absence of such assimilation Following the uptake of the last 
of the ammonia, as noted for E coh by Armstrong and Fisher, the rate at which 
oxygen is consumed by the bacterium falls sharply to a lower rate, which is typical 
of restmg cells This lower rate is a definite percentage of the higher one re- 
gardless of how much growth has taken place It is, therefore, permissible to 
calculate the restmg rate w^hich corresponds to each rate observed for the growing 
cells Any oxygen consumed m excess of the amount expected for restmg cells 
must then be associated w ith the assimilation of ammoma This quantity of 
oxygen has been measured along with the quantity of ammonia actually 
assimilated 


MATERIALS AND METHODS 

The 'preparation and maintenance of the bacteria The organism used in this 
investigation was the bacterium Serratia marcescens {Bacillus prodigiosus), 
Amencan Type Culture Collection no 990 It was mamtained on a synthetic 
medium, modified from that used by Buntmg (1940), havmg the following 
composition glycerol 1 25 g, citnc acid 4 g, K2HPO4 9 g, MgS04 THjO 0 5 g, 
and NH4CI 1 g, adjusted to pH 7 with NaOH, and made up to 1 liter wuth 
distilled water Twenty-five g of agar were added and the medium was auto- 
claved at 15 pounds* pressure for 15 nunutes 
The bacterial suspensions for the respiration experiments were prepared as 
follows A slant was inoculated from 1 loopful of bacteria, it was incubated for 
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17 hours at 30 C (a preliminary experiment showed that this temperature gw 
better gro^^i:h than 20 or 37 C), and the glo^^i^h was then washed off into 007 
M potassium phosphate buffer at pH 7 The suspension was made up to th^ 
desired concentration, about 1 X 10^ bacteria per milliliter, hy the rcflectomctc* 
(Libby, 1941) 

The measurement of oxygen consumption The i ate of oxygen consumption 
measured m a Warburg respirometer (Umbieit, Burris, and Stauffer, 1945) 
30 C, with air being used as the gas phase and with the vessels shaking througli an 
arc of 5 cm approximately 100 times pei minute Under these conditions there 
was no indication that the concentration of carbon dioxide was a limiting fnctoi 
The vessels were prepared v ith 1 0 ml of the bacterial suspension plus 0 5 ml of 
solution A (i e , MgS04 7H2O 2 0 g, glycerol 20 g, sodium citrate 12 G g, adjusted 
to pH 7 with HCl, and made up to 1 liter with distilled water) in the mam space 
of the vessel, 0 5 ml of distilled v ater or a solution of ammonium chloride in the 
onset, and 0 3 ml of 10 per cent potassium hydroxide in the inset with filter papx 

The deiermination of ammonia For this analysis the bacteria were separated 
from the suspending medium by filtration through flitted glass filters (p\TC\, no 
36060, 15 UF) under reduced pressure The filtrate was collected in 1 ml of 50 
per cent (by volume) sulfunc acid 

The ammonia in the filtrate was determmed by a procedure essentiall} th** 
same as that desciibed by Peteis and Van Slyke (1932) m connection luth (h^ 
determination of urea murine To the acid filtrate was added distilled ivatcrtoa 
volume of 10 ml and then 5 ml of 5 n KOH Air, after passage through 5 px 
cent H2SO4 , was dra'wn through the alkaline mixture and thence through 15 m 
of 0 02 N HCl, the ammonia being trapped in the latter The total ammonn thu 
collected was estimated colorimetrically using a Cenco Sheard Sanford pho* 
telemeter, following the procedure outlmed by Snell and Snell (193G), and u 
Jackson’s modification of Nessler’s reagent This procedure can be used pr^ 
vided the quantity of a mm onia present is not over about 12 X 10“^ 
reproducible to v ithm about 0 25 X lO'"^ mg of ammonia m the sample fi 

Determination of total (Kjeldahl) nitrogen The contents of the 
vessel uere washed into 1 ml of the digestion mixture (1 part 
1 part concentrated H2SO4 , and a small amount of selenium pouder, c ‘ 
and Snell, 1936) m a pyrex test tube Tuo glass beads vere added an ag^ ^ 
bulb V as placed on top The tube v as heated vigorously over a 
until the water had been boiled off and the contents of the tube had 
fume, the flame uas reduced, and the mixture was allowed to boil gen ^ 
w as well charred When charring had taken place, the tube was coolc j 

30 seconds, and a few drops of 30 per cent H2O2 vere dropped on 1 ^ ^ 
matenal The mixture usually decolorized at once It was 
decolorized again if necessaiy, and finally boiled until it had p, r-. 

se^ eral mmutes This v as taken as the end point of the digestion ^ , 

gen then present as ammonium sulfate was detennmed exactly ^ 
above for ammomum chlonde 



EXPERIMENTAL RESULTS 

In order to establish the actual relationship between the uptake of ammonia 
and the rate of oxygen consumption, both processes were studied simultaneously 
The expeuments uere conducted as follows The respirometer vessels were pre- 
pared with the bacterial suspension and solution A in the mam part of the 
vessel and with an amount of ammonium chloride (0 19 mg) which would sustain 
growth for only a few hours in the onset After being shaken 1 hour in the con- 
stant temperature bath with the ammonium chloride in the onset, the bactena 



Tig 1 A typical experiment showing as a function of time 

(1) the rate at which oxygen disappears from a respirometer vessel contaimng cells 
of S tnarcescens (dots) and 

(2) the quantity of ammonia present in the medium (circles) 

Each point is the average result in two identical vessels The ammonium chlonde 
was added to the organisms from the onsets of the vessels at the point indicated 

reached a “resting’’ state, and the rate of oxygen consumption was comparatively 
steady although decreasing very gradually with time ^ The ammonium chlonde 
was then added to the bactena Measurements of the rate of oxygen consump- 
tion were contmued, and at intervals the contents of the vessels were analyzed 
for ammonia, one of the vessels being removed for this purpose immediately 
followmg the addition of the ammomum chlonde, and others every few mmutes 
thereafter 

The results of a typical experiment are shown in figure 1 m which the solid 
circles mdicate the rate at which oxygen was taken up in the respirometer essels, 
whereas the open circles mdicate the ammonia remainmg m the medium Before 

* Any nutritive materials washed off the culture slants with the orgamsms were ap 
patently m such low concentrations as to be completely metabolized during this initial 
hour in the respirometer 
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the addition of ammonia, the rate of oxygen consumption is relatuel) constant 
and there is, of course, no growth Upon adding ammonia, how ever, the medium 

becomes one which will support growi;h — ^it is, in fact, the one on which the or 
ganism was being maintained At this point the rate of oxygen consumption 
nses quite abruptly and after some 20 to 30 mmutes reaches a value which i 
nearly double the imtial value There then ensues a penod during which 
loganthm of the rate of oxygen consumption is a Imear function of tune The 
curve drawm through the observed pomts m figure 1 dunng this phase of the e\ 
periment was obtained by calculation presuming that the loganthm of the rate i 
a linear function of time It is clearly a good representation of the data It 
undoubtedly represents the gradual increase m the quantity of bacterial proto- 
plasm m the respirometer vessel, as others have noted (Greig and Hoogerhcidc, 
1941, Hershey and Bronfenbrenner, 1938) TVom it the tune for the bacterial 
mass to double, that is, for the loganthm of the rate of oxygen consumption to 
mcrease by the loganthm of 2, may be determined Tins averaged 72 mlnu(^ 
(standard deviation,^ 6 mmutes ) m 10 experiments 

It w ill be noted in the figure that the amount of ammoma present in the sur 
pendmg medium decreases steadily throughout the experiment It does so, of 
course, because it is taken up by the cells for elaboration mto new protoplasm 
The curve descnbmg the utihzation of the anamoma actually, therefore, repre 
sents the tune course of the formation of new protoplasm It is in fact a “growth 
curve ” 

As the concentration of ammonia approaches zero, the rate of owgcn con 
sumption qmte suddenly falls, just as has been desenbed for E coli (Armstrong 
and Fisher, 1947), to a relatively steady value The latter is illustrated in t ^ 
experiments of longer duration which are shown in figure 4 and which are to 
discussed m detail below In 9 experiments this resting rate w^as on the 
66 6 per cent of the maximum rate seen in the respirometer (standard denation, 
3 6 per cent) This steady (stnctfy, slowly decimmg) rate represents the rcstmg 
rate which is charactenstic of the amoimt of bactenai protoplasm now prc^cn 
the respirometer vessel Smee the ammonia has been exhausted, it is cm 
that no appreciahje uptake of ammoma can occur after the rate of ^ 

sumption starts to decrease It follows, then, that these organisms 
oxj^gen at either of two different rates, just as E coh does, depending u 
whether or not assimilation of ammoma is occurrmg U prate 

This conclusion arises agam when the rate of oxygen consumption 
of ammoma utilization are compared As noted above, there is a 
the rate of oxygen consumption when the ammonia is first added 
ammoma utilization, however, does not show any evidence of a sun 
spurt It seems agam, therefore, that m order to grow under these co ^ 
the cells present must consume oxygen at a rate above that charac en^ 
restmg phase 

* The standard deviation was taken as ^ — ~ where x is the result of on 

iV ^ 1 

X IS the mean of the results, and A is the number of expenments 



* - ^ « 'w •! I data av^»i • 

to estimate the difference between the activity and resting rates at the beginning 
of nitrogen assimilation This results, firstly, from the lack of information about 

the existence of an mitial lag period m the growth curve and, secondly, from the 
fact that the chemical systems mvolved here have considerable mertia, as mdi- 
cated by the observation that, follow mg the exhaustion of the mtrogen source, 
the rate of oxygen consumption does not decrease instantaneously 



Fig 2 The time course m a typical expenment of the rate at which oxygen disappears 
from a respirometer vessel containing cells of S marcescens Each point is the average 
result in two identical vessels As in figure 1 ammonium chloride was added to the 
orgamsms from the onset of the vessel at the point indicated The numbers appeanng 
at the nght-hand end of each curve give, in hundredths of milligrams, the actual quanti- 
ties of nitrogen added as ammomum chloride to the several vessels 

During the first hour the rates of oxygen consumption in the various vessels are essen- 
tially identical Observations during this interval have, therefore, been indicated in 
the figure by single circles which have been made large enough to encompass all of the 
observations made at each time In this particular expenment, although it was not 
usually so, the data for the highest concentration of ammomum chlonde differed slightly 
from the curve descnbing the remainder of the points ’ To avoid confusion, therefore, 
the trend of these points is indicated by dashes 

To provide further information about the changes in the rate of oxygen con- 
sumption when ammonia is added or exhausted, the consequences of adding 
dijfferent quantities of ammonia were studied These experiments v ere made by 
placing aliquots of bacterial suspension m each of several respirometer \essels, m 
the onsets of which different amounts of ammomum chlonde were placed As 
in the expenment described m figure 1, the restmg rate of ox 3 ’’gen consumption 
was detennmed, and then the ammoma was tipped mto all the ^ essels T 3 qncal 
observations of the rate of oxygen consumption in an expenment of this kind 
are given m figure 2 

* This would result if, by accident, fewer bacteria had been placed initially in one 
of these vessels 
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In every case, vhen the ammonium chloride is added there is an initial rap i 
mcrease m the rate of 0x3 gen consumption This is follonNed b}" the gradual 
loganthmic mcrease alread}" descnbed After the ammoma is exhausted, th® 
rate of oxygen consumption falls to the lower restmg rate 




^ I It 10 e resting rates 'were 
a constant percentage of the maMmum rates reached, the percentage being inde- 
pendent, thercfore, of the amount of gro^\ih which, had taken place A5 noted 
abo\e, the resting le^ els a\ eraged approxamately 56 per cent of the peak rate 

At the termination of the expenmcnts illustrated m figure 2, the contents of 
the AGSsels were analyzed for nitrogen Determinations of the quantity of 
ammonia and total nitrogen m the suspendmg medium alone mdicated that at 
this time all of the nitrogen present w as in the cells The analj'sis on the entire 
contents of the respirometer vessels thus measures the bactenal nitrogen present 
at this time The latter can also, of course, be obtamed hy adding to the mtro- 
gen present m the onginal aliquot of bactenal suspension, vnth which the expen- 
ment w as begun, the amount of ammonia tipped mto the i essel to initiate growth 
In anj case it is possible to compare the restmg rates observed, after assimilation 
has ceased, with the amount of nitrogen present m the bactena This has been 
done m figure 3 , and it is apparent there that the rate at which ox^’-gen disappears 
in a respirometer vessel, containing restmg cells, is directly proportional to the 
quantity of bactenal nitrogen which is present It is to be noted that this is 
true even for the initial aliquots of bactena, 1 e , before an3^ growth occurs m the 
respirometers Moreover, the Ime m figure 3 passes through the ongm, mdi- 
catmg that the mtrogen content is an absolute measure of the rate of 0x3 gen con- 
sumption (cf Hershe3^, 1939 , Bums and Wilson, 1940 ) It is quite defimte, 
therefore, that the se\eral different restmg rates recorded in figure 2 mdicate 
the presence of different quantities of bactenal protoplasm It may be calcu- 
lated from the data m figure 3 that, on the a\erage, these bactena consumed 
0x3 gen at the rate of 1 12 X 10 ^ cu mm per hour per mg of mtrogen when sus- 
pended m solution A 

It IS now e\adent that for any particular rate of 0x3 gen uptake along the 
loganthmic part of the cuiwe m figure 1, there is a correspondmg lower resting 
rate to which the rate at which ox3'’gen is disappeanng would fall if the ammonia 
were suddenly removed This lower rate was showm abo've to be determmed 
solely by the amount of bactenal protoplasm present Smee it forms a constant 
percentage (approximately 56 per cent) of the acti\nty rate, it is possible to plot 
on a graph, such as that m figure 1, a hne which shows the tune course of the 
resting rate followmg the addition of ammonia to the cells During the penod 
of loganthmic growdh the restmg rate is 56 per cent of the actmt3 rate To 
obtain the restmg rate durmg the imtial rapid nse m the rate of 0x3 gen consump- 
tion, the cur\ e descnbmg the time course of the restmg rate durmg loganthmic 
growth may be extrapolated backwards Similarl3^ the restmg rate during the 
fall m the rate of 0x3 gen consumption, foUowmig exhaustion of the ammonia, 
may be obtamed b3’’ extrapolating backw ards the nearh honzontal straight line 
which at the termmation of the experiment desenbes the resting rate 

A calculated Ime gi\ang the time course of the restmg rate has been plotted 
along with a set of expenmentall3" determmed rates m figure 4 It is e'v ident 
that the area enclosed by the Imes descnbmg, ^espectl^ eh , the obserx cd rate of 
^^g^n consumption and that mdicatmg the tune course of the restmg rate rep- 
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resents the volume of oxygen consumed by the growing cells m excess of tha^ 
required by restmg cells It is an accompaniment of the growth process Jlorc 
specifically, it is the amount of oxygen consumed durmg the assimilation of a 
known quantity of nitrogen m the form of ammoma The number of owgen 
atoms consumed durmg the assimilation of each nitrogen atom given in the form 
of ammoma may, therefore, be calculated The average value found in 10 cx 
penments was 2 19, the standard deviation of the mdividual ^alues about thb 
mean bemg 0 14 This value was observed to be mdependent of the quantit; of 
ammoma assimilated for quantities varying from 0 012 to 0 06 mg 



Fig 4 The tune course in a typical experiment of the rate at which 
from a respirometer vessel containing cells of marcescens (dots) Eacn 
average of three identical vessels Ammonium chloride was added at tae p 
cated The calculated time course of the resting rate is indicated by circles 

SUMMARY 

The oxygen consumption of the bactenmn Serraita marcescens vas 
both growmg and restmg cells, and the rate of oxygen consumption per mi w 
of bactenal mtrogen was found to be higher when the assimilation of amm 
was taking place ^ 

The extra oxygen used durmg the assimilation of the ammonia as de 
It was found that 2 2 oxygen atoms were taken up for each nitrogen 
assimilated 
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Frobisher and Parsons (1943) reported that rabbits injected with broth 
cultures of living avirulent (nontoxigenic) Corynebacterium diphtheriae developed 
significant resistance to subsequent injections of living cultures of virulent 
(toxigenic) C diphtheriae 

Their experiments involved 21 immunized and 11 control animals These 
were tested with a challenge dose that was fatal to all of the 11 control rabbits, 
which died on an average of 3 6 days after the dose was admmistered - Of the 
immunized animals 4 survived, the other 17 dymg after an average of 7 days 
In all, 48 per cent manifested some degree of resistance, including the 4 survivors 
Resistance was ascribed to mobihzation of cutaneous defenses, which effected, 
not a neutralization of toxin by antitoxm, but toxm localization Antitoxm was 
not present Apparently resistance was related to a greatly enhanced tissue 
reactivity and was presumably engendered by somatic antigens of the bacilli 
against a heterologous antigen — ^the exotoxm 

The present mvestigation was undertaken to extend and verify these observa- 
tions and to collect further information regarding the phenomena observed 

MATERIALS AND METHODS 

Infusion broth and agar These w^ere prepared with veal or pork, accordmg to 
the methods outlined in the Manual of Methods of the Society of American 
Bacteriologists, with the foUowmg modifications (1) Neopeptone (Difco) was 
used in 1 per cent concentration, and (2) the meat infusion was heated to 80 C 
before pressmg out the juice 

Synthetic medium This was used m experiments to study the role of thiamme 
m the effectiveness of the antigens The formula is given m the description of 
the experiments m which it was used 

Cultures The avirulent strams of coiynebactena (cdl07b and My 654a) used 
as antigens were the same as those used by Frobisher and Parsons (1943), and 
tests for avirulence and atoxigenicity were not lepeated The virulent stram 
(EHD70) used for challenge doses was also the stram used by these workers 
Broth cultures, 48 hours old, w’^ere used for both immunizmg and challenge doses 

Inoculations Several immumzation programs w ere conducted with vanations 

^ This study was aided by a grant from The Rockefeller Foundation 

* In later experiments using numerous controls no control animal has survived the 
same challenge dose 
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evidence of increased resistance as evidenced by the 5 4-day average sumal 
tune of the 14 remaining rabbits All of the 10 control rabbits died T\ithin 5 
da3^ or less 

A probable confirmation of the importance of fresh pork in the preparaboa of 
these antigens was later obtained inadvertently Because of severe iiartimc 
shortages of meat fresh poik became unavailable A preparation called, com 
mercially, ‘‘pork-sausage/^ and probably consisting largely of com meal and 
other nonporcme material, was used in cultivating antigens for one immunization 
experiment involving 12 rabbits The results (table 3) iiere like those obtained 
with veal-grown antigens At most only slight resistance was produced m the 
test animals The average survival time was only 3 4 days as compared with 2 
days for the controls If the sausage contamed fresh pork, which seems ici} 
unlikely^ it must have been present m very small amounts, and its propertiCi 
must have been modified by the spices and other materials mixed with it and 
the processmg to which it had been subjected 

TABLE 3 

Reaction of rabbits to a virulent challenge dose foUowing immunization with avirulent anltgct^ 


prepared with ^^porh-sausage*^ infusion broth 


PEfilOD or nniUNIZATION j 

RABBITS 

SUfiViVAI. TIME i 

SURVIVAL TWE AVEtACE 

^ — ^ ^ — 1 

•weeks 


days 


5 

12 1 

2-6 

34 

Control 

1 

2 

2 * 


* Compare also controls in tables 1 , 2 , 4 , and 5 


II Reactions to ike Challenge Dose 

The local reaction to the challenge dose m most of the animals immunized with 
organisms grown m a fresh pork base (not “pork-sausage^O medium was char 
acteristic An area of very marked edema, 6 to 12 cm, often more, in diameter^, 
developed within 24 to 48 hours Sometimes the whole flank of the aniiua 
involved This was gradually absorbed over a period of several days, no 
corresponding but somewhat smaller area of necrosis developed In contr 
these edematous reactions, the control animals, as well as most of the anim 
mjected with organisms grown m media other than fresh pork 
eluding “pork-sausage”); developed much smaller lesions with little or no 
and much less extensive necrosis Apparently resistance was closely re a 
the extent of the skin reaction , 

As originally described, the resistant animals showed little or no mi 
general intOMcation at any time, whether oi not they survived, until a 
before death if they died after several days The controls and 
(veal and “pork-sausage”) animals were obviously ill wuthin 24 to ^ 

adnumstration of the challenge dose Evidently to\m was j r ' 

from the local lesion m the control and nonresistant ammals but was ic 
in the resistant animals 



In order to have some confirmation of the observation that the survival of 
animals in these experiments is not dependent on the development in them of 
antitoxin, some of the test animals in this series were bled before receivmg the 
challenge dose The serum of 6 of the 8 annuals survivmg the challenge dose 
V as examined and in each instance was found to contam less than 0 01 umt per ml 
The sera were not assa^^ed at lower levels 

IV Effect of Thiamine 

From the results described above it was inferred that fresh pork contams some 
factor Avhich is of critical significance in the antigenicity of avirulent diphtheria 
bacilli m regard to virulent diphthena bacilh Data on the ammo acid and vita- 
nun content of veal and pork w ere obtained from the American Meat Institute 
According to these data an important difference between pork and veal is m 
the thiamme content, which is decidedly greater in pork 

Further experiments (exp 6, 7, 8, 9, and 10) were conducted to verify the 
earlier results wuth veal-grown antigens and to determine whether or not thiamme 
had any influence on the phenomenon under studj"^ The thiamme effect was 
studied with thiamme-ennched^ veal infusion medium and wuth a S3Tithetic 
medium developed m this laboratory and based on the method of Pappenheimer 
et al ® Efforts were made to use the media of Uschmsky (1893) and of Hadley 

^ One mg per cent thiamme chloride added before sterilization 


® Sodium lactate 

6 ml 

Valine 

Ig 

Glucose 

1 g 

Leucine 

500 mg 

MgS04 

1 g 

Methiomne 

200 mg 

K 2 HPO 4 

4 g 

Tyrosine 

100 mg 

NaCl 

6g 

Pimelic acid 

10 mg 

Tryptophane 

200 mg 

Hc^a-alanme 

10 mg 

Cysteine hydrochloride 

200 mg 

CuS04 

10 mg 

Glycine 

200 mg 

H.O (dist ) 

1,000 ml 

Glutamic acid 

2g 




Heat to dissolve 

Adjust wnth n/1 NaOH to pH 7 8 or 8 0 

Boil vigorously for 5 min 

Add distilled water to restore volume 

Cool to room temperature 

Filter through, a good grade of filter paper 

Dispense and sterilize in the autoclave (15 lb, 20 mm) 

To each 100 ml of this base add aseptically 0 2 ml of vitamin solution 1 or 2 
Vttamin Solution 1 Vitamin Solution S 

Ascorbic acid 100 mg To ^^tamln Solution 1 add 

Niacinamide 40 mg Thiamine chloride 350 mg 

Riboflavin S ml Sterilize by Seitz filtration 

(100 mg % m H 2 O) 

Pyndovine 1 ^ 

(100 mg % m H 2 O) 

Calcium pantothenate 2 ml 

(100 mg % m H.O) 

H 2 O 89 ^ 

Sterihze by Seitz filtration 
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An effort to learn the nature of this factor served merely to demonstrate that 
thiamine is not the responsible agent 

These studies have amply corroborated the earlier finding (Frobisher and 
Parsons, 1943) that under proper experimental conditions rabbits that recei\*e 
repeated doses of cultures of avirulent diphthena bacilli develop a resistance to, 
and m many cases survive, doses of virulent diphtheria bacilli that are mvanabh 
fatal to norma! rabbits Tn o important additional facts have also been cstib 
hshed (1) as betvs een the media used here, a fresh pork base medium is 
to antigemc effect, (2) thiamme is not per se responsible for the antigenic effel 
The implications of these findmgs are fairly obvious with respect to media u^d 
m the preparation of antigens heretofore regarded as of little efficacy, such as 
dj^sentery and cholera vmceme, etc , and the improv^ement of bactenal antigens 
already m use , such as typhoid and pertussis The antigens might be made more 
effeetiv^e by the mclusion m their culture media of some essential factor such ns 
the yet unknown “pork factor” described here 

The mechamsm of the protection afforded by the avirulent diphtheria bacilli i3 
noteworthy but not understood Allergy apparently is not sigmficant, for there 
IS no enhanced skin reactivity^ to the homologoics somatic antigen of the aMrulent 
bacilli, but only to the heterologous antigen — ^the exotoxin of the vumient or 
gamsms That resistance and survival are not due to the presence of antitoun 
in the blood stream u as pointed out by Fiobisher and Parsons (1943) and was 
again demonstrated m these studies Judging by the appearance of the local 
reaction and the relatively “bright” appearance of the test rabbits follow mg the 
challenge dose, it u ouid seem that there is some local tissue reaction which bini 
the toxm, delaying its general absorption or, m the case of the survivors, cntirrh 
prev’^entmg absorption by holding the toxm in situ untd the animal has built up 
its ovnx antitoxic (and possibly antibacterial) antibodies to combat the infection 
In a general sense this is remmiscent of the observations fay Abemetby an 
Francis (1937) that “some factor or change occurrmg in the serum m response to 
bactenal pneumococcal infection is capable of being mobilized in tissues an 
thereby reactmg locally with the C substance” and that “the state of reactin > 


of the tissue cells is also essential for cutaneous response to C ” 

IITiatev^er the nature of the phenomenon, it is obvious that some protection b 
afforded In vuew of this fact, as vs ell as of the mounting evidence that wha l 
generally considered an adequate program of toxoid immunization is not n w 
sufficient to prevent diphthena (EUer and Frobisher, 1945, Turner, 194 
seems permissible to suggest agam that consideration be giv en to the idea 
immimizmg agents used to protect children agamst diphthena should c 
properly cultivated bactenal antigens as well as antigens to stimulate 
exotoxin 


STODURY AND CONCLUSIONS 

Eighty-eight rabbits were repeatedly inoculated with living 
avurulent Corynehacierium diphihertae Twenty^-two of the 88 2? 

organisms which had been cultivated in a pork infusion medium 



which was uniformly fatal to nonunxnumzed animals The other 14 animals m 
this group of 22 survived an aveiage time of 5 3 days as contrasted to the 2 9-day 
average sur\uval time of 31 control (nonimmumzed) ammals 

This IS m contrast with 66 labbits w^hich received inoculations of avmilent 
C diphthenae cultivated on media not contaming fresh pork Of these 66 am- 
mals, none survived the challenge dose of vu ulent C diphtheriaCy and their avei age 
survival time of about 3 days w as essentially the same as that (2 9 days) of the 31 
control animals Thiamine was shown not to be the essential antigen-adjuvant 
in the pork The implications of these results have been discussed briefly with 
respect to immumzation procedures in geneial, and especially those against 
diphtheria 

Partial or complete protection against virulent diphthena bacilli was engen- 
dered m rabbits by mjecting mto them livmg cultures of avmilent diphtheria 
bacilli wduch had been cultivated in a fresh pork base medium 

Avirulent C diphihei lae cultivated m certam media not contaimng fresh pork 
were mcapable of engendermg any significant lesistance against the virulent 
orgamsms 

Fresh pork contams some factor which is critical for the antigemcity of the 
avirulent diphtheria bacilli under the conditions of these experiments This 
factor is apparently not thiamine 

The resistance of the immunized animals was not due to the presence of 
demonstrable antitoxm m the blood stream, and the mechanism of the pro- 
tective action IS not antitoxic It appears to depend lather on a local bmding 
action m subcutaneous tissues, wheie the unneutralized to\m causes extensive 
necrosis 
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Malignant, ‘^bull-neck,'' hypertoxic, or grave diphtheria is diifferentiated from 
“ordinary’' or milder diphthena by the presence of marked cemcal swelling 
(hence “bull-neck”), extreme toxemia, albuminuria, frequent development of 
neuropathies, and a high death rate m spite of early administration of large doses 
of antitoxm Epidemics of diphtheria m which the mahgnant form pre- 
dommated have been common m Europe, England, and elsewhere withm the 
past two decades as reported by Anderson et al (1931) and Deicher and Aguhuk 
(1927), but durmg the same penod have been relatively uncommon on this 
contment Smee 1931 only one such outbreak has been reported (Wheeler and 
Morton, 1942) However, m Baltimore, after several years of low morbidity 
and fatality, diphtheria began to increase m 1942 and, as m many other large 
cities m the Umted States and Europe durmg the war years, it attamed high 
levels (Eller and Frobisher, 1945) Durmg the first 6 months of 1944 there were 
m Baltimore 142 cases, 16 of which were designated as mahgnant The mahg- 
nant cases suffered a 44 per cent mortahty (7 cases), 's^hereas the total mortality 
was only 6 per cent (9 cases) In 1945 there were 352 cases reported and 18 
deaths A considerable number of these were malignant The disease con- 
tmued at a relatively high level of mcidence and seventy throughout 1946 
Smee the descnption of gravis and mitis tjq^es of diphthena bacilh by Anderson 
et al (1931), malignant diphthena has been widely beheved to be due to the 
gravis type of diphtheria bacilh, although it has been repeatedly pomted out by 
Frobisher (1943) and others that the occurrence of this orgamsm, at least that 
vanety of it which is found m Baltimore and elsewhere m the Umted States, bears 
no constant relation whatever to malignant diphtheria Contmuous, systematic 
studies of the types of diphtheria bacilli foimd m cases of diphthena m Baltimore 
smee about 1932, mcludmg the numerous typical, fatal mahgnant cases noted 
above, have revealed durmg 16 years only 10 or 12 gravis strains, and these rarely 
m the malignant cases The mitis or mitis-like form has predominated m cases, 
contacts, and earners at all tunes accordmg to Frobisher (1938, 1940, 1942) 
This has also been found true, as a general rule, throughout the Umted States 
Obviously, then, malignant diphtheria m Baltimore and the Umted States durmg 

^ XhiB work was supported in part by funds from The Rockefeller Foundation 
2 Adapted from a dissertation subnutted by the semor author to the School of Hygiene 
and Public Health of The Johns Hopkins Umversity in partial fulfillment of the require- 
ments for the degree of Doctor of Science in Hygiene 
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the period mentioned has depended on some other factor than the strains of gran^ 
or nutis diphtheria bacilli found there 
The possibility that a factor in malignant diphtheria might be the sjmergistic 
action of other bactena has long been a subject of debate and expenmentation 
Smce the time of Roux and Yersm (1890) streptococci have most frequenth 
been mentioned and mvestigated m this connection Unfortunatel} , stute 
prior to 1903 did not take mto account the vanability m virulence and to\i 
gemcity of cultuies of Corynebactenim diphthenae Many workers did not use 
enough animals to give significance to their results None of them could 
identify their strains of streptococci with accuracy smce they were i\orking 
before the mtroduction of the bile solubility test for differentiating streptococci 
and pneumococci, the use of the blood agai plate, the method of differential 
mg stieptococci on the basis of the type of heniol 3 '’sis on blood agar, and the 
precipitm method of grouping beta hemolytic stieptococci 

More lecent experimental studies on this problem have been conducted h\ 
Ramon and Djourichitch (1934) These authors concluded, m contrast luth 
Roux and Yersm, that stieptococci lower local tissue resistance to invasicabv 
diphtheria bacilli but do not enhance the virulence of the latter Certain ob 
jections to these conclusions will be cited later 

Bold (1927), Hopmann and Panhuysen (1931), Park and Williams ( 1933 ), and 
Stimson (1940) considered malignant dipthena as due to combined infections 
Goepp (1938) and Cushing (1943) list several orgamsms that they belies CIna^ 
be mvolved These and most other authors stress the importance of strepto- 
cocci The different views with regard to the role of streptococci and other 
factors m malignant diphtheria have been summarized previously (Frobi'^her, 
1943) 

Our owm mterest m streptococci as related to malignant diphthena 
kmdled by the isolation of hemolytic streptococci of Lancefield group B roro 
several successive cases of malignant diphtheria m Baltimoie The dip 
bacilli associated wuth these streptococci were all of the mitis type 
experiments wuth these orgamsms m animals mclmed us to the view a ^ 
streptococci are probably of etiological sigmficance m malignant dip 
Later studies of streptococci found m other cases of malignant dip 
however, failed to support this view’’, and left uS unconvmced, one ivay o 
other The experiments described below w ere therefore undertaken to 
gate further the problem of bacterial associations m this disease 

MATERIALS AND METHODS 

Cultural procedures The cultural methods and media used were of a 
t 3 ’pe routmely employed m this iaboiatory and have been desen e c: 
(Frobisher, 1938) . t o 

Bactena Five strains of virulent C diphthenae (nos Cl to n ^ 
avuulent strains (C6 and C7) w^eie used These are described m ^ 

Five strains of beta type hemolytic streptococci isolated 
tients as those yueldmg the correspondmgly numbered virulent dip 



group 

These pans of diplithena bacjlli and streptococcus cultures, each pair from the 
same patient, are called ^^homologous pans” or ^‘homologous strains in this 
report 

One strain each of Corynebacienum xerose and Corynehacterium pseudo- 
diphthericum were isolated from noimal persons 
Olhe) ovganisms Three stiains of Hemophilus influenzaef type B, were ob- 
tained from the National Institute of Health ^ 

Diplithena toxin A well-ripened to\m (T106) produced by a Park Williams 
no 8 strain of C diphiheriae, and of tested potency, was used All dilutions of 
the to\in ere made with Moloney and Taylor diluent prepared accordmg to the 


TABLE 1 


1 

STltAIN UO 

TYPE 

SOUBCE 

ASSOCIATED ! 

Strain no 

STREPTOCOCCI 

Lanceficld group 

Cl 


malignant diphtheria 

SI 

B 

C2 1 


malignant diphtheria 

S2 

B 

C3 


malignant diphtheria 

S3 

A 

C4 

minimus 

malignant diphtheria 

S4 

B 

C5 

gravis 

moderately severe diph- 

S5* 

A 



theria 

1 


C6 

gravis 

healthy earner 




avirulent 




C7 

gravis 

healthy carrier 




avirulent 





* Streptococcus strain S5 came from a malignant case which was a contact of the C5 
patient Both cases yielded a gravis type of diphtheria bacillus 


formula m Diagnostic Procedures and Reagents of the Amencan Public Health 
Association (1945) 

Animal experiments Basically all of these experiments were alike, consistmg 
in the injection of diphtheria bacilli or diphtheria toxin mixed with various other 
bactena or substances into test animals The arrangement of controls was given 
particular attention, and each arrangement is described m detail m the appro- 
pnate place 

EXPERIMENTS WITH IvnCE 

White mice were selected as experimental ammals because of their relatively 
great resistance to C diphthenae and its toxin This resistance was considered 
advantageous for two reasons (1) Any synergistic reaction which might manifest 
itself would be the more obvious (2) Laiger doses of diphtheria bacilli could be 
inoculated alone, for control purposes, or m combmation with other organisms, 
Without usmg antitoxin to prevent early deaths of the mice from diphtheritic 

* Courtesy of Dr Margaret Pittman of the Biologies Control Laboratory, National 
Institute of Health 
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intoxication In most experiments sublethal doses of diphthena bacilli and 
streptococci were injected together mtraperitoneally into 6 mice m a group 
The mixtures of organisms were made 15 mmutes before mjection 
The results ^\ere compared with controls made up of similar groups of mice 
each receivmg a dose of each organism alone equal to the largest amount of that 
orgamsm m any tested combmation The proportions of one orgamsm to the 
other varied m different experiments Time and numbers of deaths were the 
criteria of seventy of infection A maximum observation penod of 14 da}’S was 
set arbitrarily In order to mimmize variables, age and weight limitations for 
the mice were adopted for most of the tests It was found most convenient to 
use mice 6 to 9 weeks old weighmg 18 to 23 grams Closer limits were ira 
practicable because of w’^artime shortages of mice Cultures in broth, 48 hours 
old, were used routmely It is to be noted, particularly m these first experiments, 
that, if a given dose of culture was to be less than 0 1 ml , the culture w^as diluted 
with sterile infusion broth so that the amount to be mjected was 0 1 ml 

The diphtheria bacilli and streptococci m these experiments were homologous 
pairs 


PRELIMINARY EXPERIMENTS 

Vtrulent C diphtheriae and beta hemolytic streptococci A previously determined 
sublethal dose of each orgamsm was moculated mto control groups of mice, and 
the same or smaller doses were combined for inoculation mto the test groups 
In most cases this meant that the total volume of fluid inoculated mto the te'^t 
animals was greater, by 0 2 ml, than that given any of the controls This w a'? at 
first considered a negligible difference 

Experiments of this type were conducted vnth the following homologous p^^ 
of virulent C diphtheriae and hemolytic streptococci (beta t 3 pe) Cl aud > 
C2 and S2, C3 and S3, C4 and S4, and C5 and S5 Protocols and results of^o 
representative experiments are shown m table 2 In all instances the am 
receiving a combmation of virulent C diphtheriae and beta hemolytic streptococci 
of Lancefield group B died m much greater numbers, or more rapidly , or o , 
than those receivmg either organism alone The tentative inference dra^^'n an 
reported at this time (TJpdyke and Frobisher, 1944) was that the reactions 
evidence of a sjmergistic action between the two organisms 

Experiments with hemolytic streptococci {beta type) plus avirulenl ^ ^ 

and nonspecific substances Later, experiments were conducted with three s 
of hemolytic streptococci (Si, S2, S4) m various combmations 'With 
killed cultures of two strams of avirulent C diphtheriae (C6, C7) , (2) ^ 

per cent suspensions of animal charcoal and sterile 1 per cent 
diatomaceous earth (pulverized Berkefeld filter) m infusion broth, an 
infusion broth Tjpical results are shown m table 3 

In general, deaths occurred m greater numbers, in a shorter tune, 
the anunals receivmg the combmations of living streptococci and other ^ 

irrespective of the nature of the added substance Deaths were la near 
proportion to the volume of the inoculum 



. ^ nutrient lactor resulting from greater volume of 

broth and how much to the mechanical factors of size of moculum and amount 
of particulate matter Whatever the explanation, it was e\udent that the 
results in the previously descnbed prehminaiy experiments with virulent C 


TABLE 2 

Results of tnlrapcntoncal tnoculatton into mice of virulent C dipihiheriae and beta type 
hemolytic streptococci combined 


irtAiTOv or 

CC1TTJ5XS 

OSCAKISMS DtOCULATED 

incc 

Spcacs 

Strain 

no 

Type or 
group 

Amount 

ini) 

No 

inocu 

latcd 

Cumulative no 
dead (dfl'vj) 

Ratio of 
deaths to 
no 

moculated 

1 

4 

7 

u 

Control* 

C diphthenae 

Cl 

mitis 

0 2 

6 

0 

0 

0 

0 

0/6 

Control* 

S hcmolyitcus 

SI 

B 

0 2 

6 

0 

0 

1 

1 

1/6 

Combined 

C diphthenae 

Cl 


0 2 

6 

2 

4 

6 

6 

6/6 


S hemolyticus 

SI 


0 2 







Combined 

C diphthenae 

Cl 


0 2 

1 6 

1 

4 

6 

6 

6/6 


S hemolyticus 

1 SI 


0 1 


1 

1 


i 


Combined 

C diphthenae 

Cl 


0 1 

6 

0 

1 

2 

4 

4/6 


S hemolyticus 

SI 


0 2 







Control* 

C diphthenae 

C2 

1 

imtis- 

lllvC 

0 3 

1 

6 j 

0 

0 

0 

0 

0/6 

Control* 

S hemolyticus 

S2 

B 

0 1 

6 

0 , 

°i 

0 , 

0 

0/6 

Combined 

C diphthenae 

C2 


0 3 

6 

4 

1 

4 1 

5 

6 

6/6 


S hemolyticus 

S2 


0 1 







Combined 

C diphthenae 

C2 


0 3 

6 

4 

5 

5 

5 

5/6 


S hemolyticus 

S2 


0 05t 







Combined 

C diphthenae 

C2 


0 2 

6 

1 

4 

4 

4 

4/6 


S hemolyticus 

S2 


0 1 








♦Culture alone 1 0 1 ml of a 1 2 dilution 


diphthenae were probably due to these factors rather than to a synergistic 
action between the diphthena baciUi and strep^cocci 

Further expenments with virulent and avirulent C dtphthenaey hemolyit p - 
COCCI (Jbeta iype)^ and nonspecific substances In these ex^nn^n s e 
action of hoLologous pairs of vandent d.phthena bacfll. “<> 
agam studied, but m these tests there uere included control 
receiving each organism in combmation inth avimlen p en , 

mert particles, o' infusion broth An acute irar-mdueed 
lumted these fnlly centroUed evpenments to three tiro inth organisms Cl and 
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SI, and one with C2 and S2 In each experiment a total of 15 to 16 control 'ind 

TABLE 3 


Results of tniraperitoneal inoculation in mice of beta type hemolytic streptococci combined tritt 
suspensions of living and hilled avirulent C diphtheriaCj charcoalt 
diatomaceous earthy and sterile infusion broth 


RELATION 

OP 

MATERIALS 

MATERIALS INOCULATED 

MICE 

Species and substances 

Strain 

number 

Type or 
group 

Amount 

{ml) 

No 

mocu 

lated 

Cumulative no 
dead (dayj) 

Ratio of 
deaths to 
no 

inoculated 

D 

n 

m 

B 

Control* 

C diphtherias 

C6 

gravis 


6 

0 

0 

0 

0 

IB 

Control* 

S hemolyticus 

SI 1 

B 

0 2 

6 

0 

1 

1 

1 

H 

Combined 

C diphtheriae 

C6 

gravis , 

0 8 

6 

6 

6 

6 

6 

C/6 


S hemolyticus ^ 

SI 

B 

0 2 







Combined 

C diphtheriae 

C6 

gravis 

0 6 

5 

4 

4 

4 

4 

4/5 


S hemolyticus 

SI 

B 

0 2 







Control* 

C diphtheriae 

C7 

mitis 

0 7 

6 

2 

2 

2 


■1 

Control* 

C diphtheriae 

C7 

mitisf 

0 7 

6 

0 

0 

0 


mm 

Control* 

S hemolyticus 

S4 

B 

0 025t 

6 

0 

5 

5 



Control* 

S hemolyticus 

S4 

Bt 

0 025t 

6 

1 

0 

1 

0 

0 



Combined 

C diphtheriae 

C7 

mitis 

0 7 

6 

6 

6 

6 


6/6 


S hemolyticus 

S4 

B 

0 025t 



1 

i 



Combined 

C diphtherias 

C7 

mitisf 

0 7 

6 

6 

6 

G 


6/6 


S hemolyticus 

S4 

B 

0 025t 







Combined 

C diphtheriae 

C7 

mitis 

’ 0 7 

6 

0 

0 

0 

1 

1/6 


S hemolyticus 

S4 

Bt 

0 025t 
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The results obtained vath both pairs of organisms (Cl + SI, C2 + S2) 
closely parallel Representative data are shown m a composite table of ihe 
two tests run with Cl and Si (table 4) The combination of the streptococcib 
(Si) with equal amounts (0 2 ml) of virulent C diphthmae (Cl), 10 per cent 
charcoal, or infusion broth resulted m a definite, though small, increase in 
deaths as compared with controls 3, 3, and 2, respectively, among 12 animal^ 
Only 1 of the C dzphtheriae and none of the streptococcus control animals died 
Combmation of streptococci with larger amounts (0 8 ml) of any agent, whether 
avirulent C dtphtheriae, 10 per cent charcoal suspension, or sterile infuMon 
broth, resulted m a much more marked mcrease in mouse deaths 11, 12, and 
8, respectively, among groups of 12 animals 
In contrast with the above-desenbed results obtained by combining vanoib 
agents with streptococci, the combimng of inert particles, infusion broth, and 
other agents with virulent and avirulent diphthena bacilli did not alter the 
results, le, all the imee survived^ 


DISCUSSION 


The results of our first experiments with streptococci were thought to indicate 
a synergistic mteraction between certam strains of diphthena bacilli and beta 
hemolytic streptococci In later experiments, however, similar results were 
obtained with three strains of streptococci in combmation with nonspecific 
substances It is probable, therefore, that all the results mvolving streptococci 
were a manifestation of the influence of volume of fluid, pabulum, or particulate 
matter on these organisms (or on host resistance) and that no synergism oc 
curred m any of the tests In contrast with streptococci, the strains of C 
diphtheriae used m this study exhibited no enhancement of lethal effect as a 
result of similar combmations 

In view of these results and of the observations of Djamil (1934) regarding 
the importance of the quality of the suspending fluid m such evpenments, t ic 
role of the streptococci m the reactions reported by Ramon and Djounchi c 
(1934), and by ourselves, is debatable Ihe latter workers first 
sublethal doses of salme suspensions of C diphihenae and then mocua 
gumea pigs with such suspensions in combmation with streptococcus cul urj 
m broth or m filtrates of these It seems probable that they would ha'C o ^ 
tamed similar results with combinations of the streptococcal suspensions an 
stenle broth Similar errors probably existed m many of the early 

he -jad 

In conclusion of this discussion on the experiments with mice, it ma> 
that under these experimental conditions — 

(1) The lethality of some strains of beta hemolytic streptococci or cu 

< In one test, for an unexplained reason, 5 of 6 mice died after receiving 
avirulent diphthena bacilli combination (Cl + C6),but all 6 animals survive 
ponding inoculation in the parallel test with C2 and C6 Also, the 
diphthena bacillus combmation (C2 and C7) was not lethal to the mice 
no more mice were available for further study 



-em, and 

(2) The increased lethal effect observed "when C dtphthertac and beta type 
hemolytic streptococci are combined can best be e\plamed as due to the m- 
creased volume of nutrient material In view of this, the mcreased lethality 
observed in mice in these experiments cannot be attributed to a true synergistic 
action between the two organisms 

EXPERIMENTS WITH RABBITS 

It was necessary to discontinue the line of investigation just desenbed because 
of a critical shortage of mice arismg from greatly mcreased military demands 
Since the supply of gumea pigs was also limited, the investigation was con- 
tmued employmg rabbits as expenmental ammals Their use necessitated a 
considerable modification in technique because of the extreme susceptibility of 
rabbits to diphtheria infection and mtoxication Modifications were also made 
to ehmmate error due to uncontrolled vanations m the volume and nature of 
moculum such as those which had proved to be so important m the experi- 
ments with mice In addition, the study was expanded to mclude orgamsms 
other than streptococci 

In general, 3 rabbits vere used in parallel for each test, all 3 receivmg the same 
control and combmed inocula Inoculations were made intracutaneously m 
the dorsal skin of rabbits which had been shaved with electric chppers The 
relative position of control and combmed moculations were the same for aU 
three animals in a smgle test but were varied from one test to another to elim- 
inate the possibility of differences m local tissue response In all mjections the 
volume of the moculum was 0 2 ml The quality of the flmd varied m accord- 
ance with the nutritive requuements of the organisms under study Observa- 
tions on the animals were contmued until all reactions were subsiding (usually 
2 to 4 days) 


PRELIMINART TESTS 

Virulent C diphthcnae and hemolyitc streptococci (beta type) A fev tests 
were earned out with livmg cultuies of virulent C diphtheriae and streptococci, 
Lancefield group B (Cl and SI), alone, m combination with each other, and m 
combmation with 10 per cent animal charcoal in infusion broth Foui hours 
after the test mjections the animals were given 1,000 units of diphtheria anti- 
toxm mtravenously m oidei to prevent early deaths from diphtheritic mtoxica- 
tions Immediately after the administration of antitoxin, duplicate mocula- 
tions m adjacent sites were made of all the test materials to determme whether 
the combmed infections were antitoxm-refractory 

The foUowmg results were obtamed m these tests 

(1) The areas of erythema and necrosis produced by the combmations of 
diphtheria bacilli and streptococci inoculated before admmistenng antitoxm 
were m some cases defimtely, but not markedly, larger than those produced by 
either organism alone 
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(2) The pi ogress of the diphtheritic infections, whether alone or m combina 
tion vnth the streptococci, was promptly arrested by antitoxin 

(3) The addition of charcoal suspension to either the streptococci or the 
diphtheria bacilli did not result in an enhanced reaction 

USE OF TOXIN INSTEAD OF C DIPHTHERIAE 

Smce the infections were controlled by antitoxin, which in itself does not 
inhibit the giowth of diphtheria bacilli, it seemed probable that the most im 
portant factor m the enhanced reactions mentioned in conclusion 1, abo^e, wis 
the exotoxm which presumably was formed and fixed m the tissues hcjorc the 
antitoxm was administered Therefore, it seemed possible that the antitoxin, 
by its neutralization of toxm produced after its administration, had arrested all 
the reactions, since these would depend for their further evolution on continued 
elaboration of free toxm by organisms growmg m the tissues This v ould spoil 
the experiments by killmg the animals quickly To eliminate this possibilit} 
a techmque was developed which did not require the use of diphthena organ 
isms or antitoMu, e g , cultures of C dxphihmae were replaced by sterile toxm 
Smce the identity of toxins from all strains of C dtphiheiiae appears to ha\c 
been demonstrated by Parish et al (1932), Povitsky et al (1933), Zmneraann 
and Zmnemann (1939), and Zinnemarm (1946), the substitution of PW no 
8 toxm for that produced m vivo by other strams of C diphthcriae (Cl, C2, etc ) 
seems to need no special justification It was decided to use a constant amount 
of toxm despite the fact that the experimental conditions were thereby made 
less hke a normal synergistic association of txvo living organisms 

The use of a standard toxm dosage was advantageous m that it permit c 
careful control of this factor It was disadvantageous m that it provide a 
fixed amount of toxm m the tissue at one time, whereas the living diphthena 
cultures supplied continuous small amounts, although when the diphthena 
cultures v ere used there was an unknown and variable amount of toxin a 
part m the reaction . 

The toxm (T106) was diluted so that 0 1 ml, the dose used, containc ju 
enough toxm to cause a slight necrosis on mtracutaneous inoculation m nor 
rabbits 

The matenals for injection were as follows . . 

(1) Toxin control Toxm dilution plus a volume of the nutrient base 

or blood infusion broth) equal to that in which the particular dose or organ 
under study vas suspended . ^ 

(2) Organism control Culture plus an equal volume of Moloney an 
diluent (1932) The toxin was diluted m Moloney and Taylor 

(3) Combined Toxm dilution plus an equal volume of culture ® A ^ 
were equal m volume 

* The plain or blood infusion broth m the toxin control and the Molonc> ^ ^ 
diluent in the organism controls equalized the volumes of these substances 
bination The undiluted toxin was in an infusion broth base and, 
toxin preparation contained infusion broth diluted with Moloney and fl) j 

approximately 1 in 200 This small amount of nutnent wras disregardc i 
tion of the culture controls 



RESULTS 

With most of the test oiganisms the reactions produced in combination with 
diphtheiia to\in wcie regularly identical with, or only slightly diffeient from, 
those produced by the oiganism or toxin alone ^ With some of the test 
organisms, the aieas of ciythema, edema, and necrosis produced by the combi- 
nation with diphtheria toxin weie sometimes larger than those produced by 
eilhei alone ^ 

The tests with Diplococcus pneimomae type I were especially interesting 
In three animals inoculated mtradermally in the manner described above, 
enormous areas of er^dihema and veiy marked and extensive edema developed 
at the site of moculation of the combination of the diphtheria toxin and pneu- 
mococcus cultuie, but not at either control site One of the three animals 
died m 3 days However, similar extensive reactions (wuth occasional deaths) 
developed in some rabbits at the pneumococcus control site and not at the toxin 
pneumococcus site In three animals inoculated wuth heated® toxin and pneu- 
mococcus cultures similar results w^ere obtained extensive reactions developed 
in one animal at the pneumococcus control site only, in another at the toxin 
pneumococcus site only, and in the third at both the pneumococcus control 
and toxm pneumococcus sites Finally, to dissociate the toxin from the phe- 
nomenon entuely 13 rabbits were inoculated wuth a pneumococcus culture alone 
Tliree of these 13 animals developed the typical extensive reaction, and 1 died 
in 7 days Only small abscesses developed in the other rabbits These ob- 
servations are in accord with those of Goodner (1928) and of Abemethy (1937) 
on the effect of type I pneumococci on rabbits 

In view of the fact that in some cases an extensive reaction originated from 
one pneumococcus inoculation and not from another in the same animal, it 
seems probable that the difference between the various responses w^as due 
solely to variations in local tissue resistance, minor alterations in mjection 
techmque, or both 

DISCUSSION 

In this section of the investigation 32 different species of bacteria were in- 
jected into rabbits in combination with diphtheria toxin The association of 
19 of these species wuth the toxin did not result in any significant difference 
betw^een the reactions produced by the tested combinations and the reactions 
produced by the organisms or toxm alone With 13 of the orgamsms, the 

^Hemolytic sireptococci (beta type), Lancefield groups A and B, streptococcus (alpha 
type), streptococcus (gamma type), H tnfluenzac (type unknown), avirulent C diph~ 
thertact gravis and mitis types, C pseudodiphthencum y D pneumoniae y t>pes I and II, 
N catarrhaliSy N tnlracellularis y N gonorrhocae, an unidentified, gram positive, biscuit- 
shaped diplococcus from a throat culture, and a species of LaciobactllusitomXXia trochca 
of a fatal can of malignant dipthena 

’^Streptococcus (beta type), groups B and G, S aurcusy H influcnzaCy type B, C 
xeroscy Klebsiella sp , E coh, E typhosa, N sicca, and D pneumoniae, tj pe III 

® At 70 C for 10 minutes 
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reactions at the sites of inoculation of the combined preparations were laiiger 
in one or more of the rabbits than those produced by the toMn alone or the 
organism alone These occuiTed so irregularly that their significance with 
respect to S 3 mergism seems doubtful 

There was no correlation between the type, species, or genus of the organbm> 
and the property of developing enhanced reactions m association diph 
theria toxm Orgamsms from several entirely unrelated genera exhibited thr 
property, but not all species of the same genus, or even types of the samcspccic.>, 
did so For example, enhanced reactions occurred w^ith 1 or more species of 
Streptococcus, Hemophilus, Escherichia, etc , but with only 1 of 4 specie^ of 
Neisseria and wuth only 2 of 3 strams of hemolytic stieptococci (beta t}T)c), 
group B 

The studies with one stram of pneumococcus type I mdicated that vanatioib 
in host resistance or in local tissue resistance, slight alterations in injecting 
techmque, or all three, were responsible for maiked differences in the reactioib 
produced b}’' those organisms It seems likely that most of the differences in 
the tests with other bactena w ere due to the same factors The possibilit} b 
not denied, however, that the association of the toxm with some of these organ 
isms may have been m some way responsible for the development of enhanced 
reactions 

Smee this study was imtiated to mvestigate bactenal synergism with regard 
especially to malignant diphtheria, it is mterestmg to consider the po^ible 
sigmficance of the reactions described above m relation to that disease Tbe 
ratio of seventy of reaction produced by the toxin or organisms alone to tho^ 
produced by combmations was m no wise comparable to the ratio of seventj 
of ordmary diphtheria to that of malignant diphtheria Furthermore, m the 
expenments in which antitoxin w as admimstered before the test mjections i^rc 
given, the enhanced reactions did not develop, mdicating complete contro o 
the diphthentic mtoxication, whereas malignant diphtheria is characteristic } 
antitoxm-refractory In view of these facts and the variety and number o 
organisms w hich exhibited the enhanced reaction wuth diphthena toxin, it scenb 
unlikely that synergism has any great significance in malignant diphthena 

It IS recogmzed, however, that conditions prevailmg m the human disease a 
different from, and probably more complex than, those in these expcnmcD^^ 
In the first place, the differences m the host and the site of infection 
any direct comparison, and, m the second place, most of the 
earned out with a fixed amount of toxm, whereas m the human disease 
are Inung diphtheria bacilli produemg a continuous supply of small 
toxm Therefore, though the possibility of a significant degree of 
action between diphthena bacilli (or toxm) and other orgamsms m m 
infections is not elumnated, the evidence obtained from the expenmen s 
desenbed m no way supports it 

StTMMARY AND CONCLUSIONS ^ 

The problem of the etiology of malignant diphthena was 
reference to the possibility of a S3mergistic action between Caryn 



binations oi living cultures ot liomologous pairs (both organisms isolated from 
the same case of malignant diphtheria) of C diphthenac and streptococci (beta 
type), and (2) intracutaneous inoculation, mto rabbits, of diphthena bacilli or 
toxin in combination with living cultures of various organisms 
In the experiments with mice deaths occurred in greater numbers and m a 
shorter time among those annuals receiving combinations of sublethal doses of 
diphthena bacilli and streptococci than among those receivmg the same dose of 
either organism alone Tins vas at first mterpreted as indicative of a syner- 
gistic action between the two organisms Hovever, sunilar results were ob- 
tamed vith three of the same strams of streptococci when stenie infusion broth, 
nonspecific particulate matter, or both were substituted for the cultures of 
diphthena bacilli It vas concluded that the volume or quality of nutrient 
matenal or mert particles, or both, m the inoculum has a marked effect on the 
lethality of streptococci for mice In three experiments m which these factors 
were adequately controlled no synergism was apparent between tw o homologous 
pairs of C diphthmae and hemolytic streptococci (beta type), group B It is 
probable that the factors of pabulum and particulate matter were responsible 
for aU the results and that no synergism occurred between any of the strains of 
C diphihertae and streptococci used 

The experiments with rabbits m which nonspecific factors m the mocula were 
controlled revealed no reactions that could defimtely be attributed to synergism 
between diphtheria toxm and one or more strams of 32 different bacteria 
No clear-cut evidence has been obtamed of a true i^ergism between C 
dtphiheriaey or its toxm, and a variety of other organisms 
Interpretation of the results of experiments on bactenal synergism must be 
made with due regard to the influence of nonspecific factors, which were found 
to modify significantly the apparent virulence of some of the organisms used 
m this mvestigation 

The problem of the etiology of mahgnant diphtheria is as yet unsolved 
Further mvestigations are essential to determme whether the factors of etiolog- 
ical sigmficance are related to the diphtheria bacillus or its products, to host 
factors, or to bactenal synergism 
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In recent years acenaphthene has been found to cause polyploidy m plants 
Shmuck (1938), Kostoff (1938a, 19386), Navaskin (1938), and Shnauck and Gus- 
seva (1939) have indicated that acenaphthene may be superior to colchicine for 
mducmg mutations m higher plants Ark (1946) reported that mduced, per- 
manent mutations were formed m broth saturated with acenaphthene m Phyio- 
monos imcliiganensis and Ermma carotovora Luna (1947) reports, however, 
that Ark^s results suggest selection for mutants rather than mduction of muta- 
tions The present report is concerned with the effect of an isomeric sulfonate of 
acenaphthene on a stram of Eberthella typhosa This aromatic compound is 
sodium acenaphthene (5)sulfonate 

METHODS AND RESULTS 

The strain of Eberthella typhosa used m this study had been isolated from the 
blood of a typhoid patient A smgle cell of this culture was isolated and put mto 
nutrient broth for a previous study concerning the effects of X-rays on this stram 
(Gramger, 1947) This smgle cell isolation of this culture \vas used for this study 
as well The stram was characteristic of the species m respect to all the bio- 
chemical and physiological characteristics as desenbed m Sergey’s Manual 
(1939) Neither its antigenic formula nor its phage specificity was detennmed 
The culture was subcultured daily mto nutrient broth as well as plated on 
nutrient agar by the streak method for 14 successive days before bemg used m 
bhe study Observations were made on the colonial character after 24-hour 
incubation on nutrient agar The colomes were studied by means of a colony 
nicroscope lens (3 X) to note any change m morphology The colony character 
cf the stram remamed a constant smooth type 
A 2 per cent aqueous solution of sodium acenaphthene (5)sulfonate^ was made 
md sterilized The final reaction was pH 6 8 Various amounts of this solution 
vere added to 10 ml of nutrient broth (pH 7 2) to determme the amount needed 
io mhibit the growth of this stram of Eberthella typhosa One loopful (4 mm) 
cf a 24-hour nutrient broth culture was added to each tube contaming the differ- 
ent concentrations of the compound m nutrient broth It was found that as 
Dgh as 5 ml of the 2 per cent solution m 10 ml of nutrient broth failed to mhibit 
ihe growth of the stram of Eberthella typhosa 
It was of mterest to note whether sodium acenaphthene (5)sulfonate \v ould have 
my effect on the colonial character of this culture Thus, to a flask contaming 

^The sodium acenaphthene (5)sulfonate was kindb supplied by Prof R T Wendland, 
Chemistry Department, Lehigh University 
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95 ml of sterile nutrient broth ^\ere added 5 ml of a sterile, aqueous, 2 per 
solution of this compound This amount of the compound m the nutrient bro*!; 
was 0 1 per cent The final pH was 7 0 One loopful of the 24-hour nutn^r* 
broth culture of Eberthella typhosa was added to this flask A loopful lii 
Mise added to a flask containmg 100 ml of nutrient broth This senodjua 
control The flasks were placed m the meubator at 37 C 

Subcultures on nutrient agar plates by the streak method \^ere made dail\ fc* 
30 days from the flask contammg the compoimd m the nutnent broth as well a 
from the control nutrient broth The colonies were studied by means of a colonv 
microscope (3 X) to note any changes m morphology At least 100 ell i ohtoJ 
colomes were studied daily on the nutrient agar obtamed from the subcuKun 
from each flask 

The colonies from the flask of nutrient broth contammg the sodium acenap^ 
thene(5)sulfonate showed no changes until the seventh day At this time, P 
colonies out of 100 exammed were of the R type From this time on the M\ 
subcultures showed a percentage of rough forms that varied between 2 and b 
The percentage of the R type varied from day to day, but tbs was probabl) 
to the chance m isolatmg the rough forms wbch had appeared on the <^wntb 
day The R type did not displace the origmal S type The period of ob'ona 
tion ended at 30 days 

The R colony of Eberthella typhosa was picked and placed m nutnent broth fo 
further study It was found to be characteristic of the species in respect to all 
the biochemical and physiological characteristics as described in Bcrgc}^ 
Manual (1939), exc^t for one difference it would not ferment the monoac 
chande, galactose The R colony character of the strain remained constant afn 
repeated subcultures over a period of 3 months 

There was little variation m the colonies from the control nutnent bro^ 
Occasionally an mtermediate colony was observed All the other 
shoved a t 3 p)ical smooth t 3 pe of colony This observation has been note wi 
this culture for a period of over 6 months . 

Smee it is desirable to avoid any implication concerning the hereditary men ^ 
nism of bactena until we have more adequate knowdedge, the term nnamn ^ 
tanaiion has been suggested by Gramger (1947) The modification o 1 11*5 f 
ture by the use of this compound is an anomalous variation, as well as any 
vanation the causative mechanism of which is unexplained at the presen ^ ^ 

It is possible that the anomalous variation that occurred m this stud} 
been spontaneous and that the environment favored the groivtli of ic 
organisms to tbs compound It has been shown repeatedly, for 
bactencidal and bacteriostatic substances act as selectmg agents b ^ 


detection of resistant strams As Luria (1947) has warned, 


particularly cautious before claimmg mduction of mutation b} ^ 

agents when the change appears to affect the whole population c c 

very likely that m such cases a type arisen by spontaneous rj 

pletely displaced the ongmal type because of favorable selection > 
emuronment ” 



I I " vanation The substance did not appear to be bactenostatic in the 
concentration used and the R type that appeared on the seventh day did not 
displace the onginal S type The percentage of rough colonies did not seem to 
increase from the time they first made their appearance imtil the penod of ob- 
servation ended 23 days later Thus, it would seem that the anomalous vana- 
tion that occurred was due either to the effects of this compound or merely to a 
spontaneous change 
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SUMMARY 

One-tenth of a per cent of sodium acenaphthene(5)sulfonate m nutnent broth 
produced an anomalous vanation from a smooth culture of Eberthella iyphosa 
A rough type colony was first observed after the seventh day of mcubation The 
percentage of rough colomes varied daily between 2 and 18, from this penod 
until the observations ended at 30 days The rough type did not displace the 
onginal S culture 

The rough stram of Eberthella iyphosa was found to be characteristic of the 
parent S strain m respect to all the biochemical and physiological characteris- 
tics, except that it did not ferment galactose 
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Thus m the unshadowed group three measured 710 m/i, one 740 mp, and c:' 
770 m/i In the shadowed group one measured 780 m;x, one 800 m/i, two 830 nv 
one 840 m/i, one 860 mpi, and two 920 m^ Eepresentative examples ate thrz 
m figure 1, nos 1 to 4 

It IS bebeved that these bodies be so far on the high side of the range 
distnbution of diameter, shown to be normal, as to be significant They certamlv 
would appear larger m the light microscope than the commonly accepted clem : 
tary bodies and would thus fill the entenon for mitial bodies It is true th^v 
are few m number — only 0 5 per cent m the present senes — ^but this proportion i 
certainly of the same order of magnitude as the proportion of initial bodies mat 
mg up the viral suspensions pnor to drymg them on the collodion membran'' 


the plaque 

As has been pomted out above, previous studies (Rake and Jones, 1942) bl 
mdicated that the so-called plaques represented colonies of elementaiy bod 
embedded m a ^'capsular” matrix Exammation of the senes of electron micro* 
graphs of the agent of fehne pneumonitis showed groups of bodies which cojH 
be mterpreted as colomes, smee the close juxtaposition of the bodies and tb 
moldmg together of their contiguous surfaces would favor such an h)T>otb^- 
rather than one of secondary agglutmation (figure 1, nos 5 and 6) ^ 

that no surrounding “capsular” matrix was to be observed, but this is not ^jr 
pnsmg As has been shown elsewhere (Rake and Jones, 1942), smear 
tions even from yolk cells shown by section to be loaded with plaques 
any such plaques m an mtact state, even with the light microscope, an 
mentmg plaques are rare If this is the case with the more gentle tec 
mvolved m preparation for exammation imder the light microscope, tnc 
to demonstrate any mtact “capsular” matrix in the present preparations i 
surpnsmg 


SUMMARY 


Examination of electron micrographs of the agent of felme pneumom^^^ 
demonstrated the existence of large bodies lymg well outside the 
found for the elementary bodies Such large bodies form approxmi^ > ^ 

cent of all bodies studied They are believed to represent mitial b i<^- ^ 

also possible to demonstrate closely packed groups of elementary ^ 

are presumed to represent the colonies of elementary bodies usua } 
sections of infected yolk sac embedded m a “capsular” matrix 


1 


Elementan bodies and one initial body not shadowed 

- ■ bodies not shadowed ^ntb gorn 


No 

No 2 Elementary bodies and two initial 

ICo 3 Elementary bodies and one imtial body, gold shadowed, < » 

ll‘=_3_2', 10 distance 14,455 X 


5 f 


^ 32 ', 10 cm distance 14,455 X ,, , ^ 

No 4 Replicas of one elementary and one imtial body, gold snaao i 
angle 1S°26', 9 cm distance 14,140 X j oi ? tr nf rold, ^ 

No 5 Small group of elementary bodies, gold-shadowed, 21 7 mg o s 
10-cm distance 14,220 X , 

No 6 Two groups of \iru3 particles, gold-shadowed, 25 2 mg of goi i 

cm distance 14,500 X 
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plaque It is belies ed that the matrix itself is easily disintegrated and d 
appears during preparation of the screens for the electron microscope, a 
m accord with other obseix'-ations 
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It IS generally conceded that the degree of precision ordinarily attained with 
dilution plate counting methods of enumeratmg viable bactena is not so great as 
could be desired The extent of variation encountered even under the best con- 
ditions IS considerably larger than the maximum pemutted, for example, of 
routine chemical analyses Coefficients of vanation consistently as high as 30 
per cent of the mean have been reported (Mudge and Lawler, 1928, Ziegler and 
Halvorson, 1935), although considerably lower values have also been encountered 
(Jennison, 1937) Some of the prmcipal sources of vanation which may be 
identified at the present time are 

(1) The presence of clumps, consistmg of vanous numbers of organisms, m the 
ongmal suspension (Jennison, 1937) 

(2) The error mvolved m preparmg a dilute suspension (Jennison and Wads- 
worth, 1940) 

(3) The error mvolved m measuring ahquots of this suspension mto plates 

(4) The distribution of organisms in these ahquots (Fisher, Thornton, and 
Macken^e, 1922, James and Sutherland, 1939, Sutherland and James, 1938, 
Wilson and KuUmann, 1931) 

(5) Factors which influence the development of the moculated cells mto 
visible colomes (Harmsen and Verweel, 1936-1937, McNew, 1938) 

The relative importance of these different sources of error depends consider- 
ably upon the conditions of experimentation, but it appears probable that if 
species of bacteria charactenzed by persistent or tenacious clumpmg are excluded, 
the contnbution of the first two sources listed above may be reduced through 
careful techmque to a small part of the total It is not an uncommon practice 
to describe the variabihty of rephcate plates as the total error of the plate 
count, and this is probably not often a senous misrepresentation However, 
methods of estimatmg “dilution error” have been descnbed (Jennison and 
Wadsworth, 1940) and are imdoubtedly valuable for precise studies 

The sum of the variations due to the three remainmg sources may be estimated 
from the observed variability of replicate plates The chief purpose of the 
present study is an analysis of this sum, separatmg the variation related to the 
measurement of ahquots mto plates from the sum of the remainmg two factors, 
and estimatmg its relative importance The data required for this purpose were 
obtamed by comparmg several measurmg methods with respect to the volumes 
of suspension delivered and the plate counts obtained with each method This 
problem does not appear to have been mvestigated specifically, although methods 
for mcreasmg the precision of measurement have been devised and recommended 
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for use (Miles, Misra, and Irwin, 1938, Wilson, 1922) Since the comparLon 
was also designed to assist m the selection of appropriate bacterial counting 
methods for practical use, several modifications, which are not stnctl}’* csscntiai 
to the principal objective, were mcluded and assessed 


METHODS 

Three methods of measuring ahquots of inoculum were employed, and tbc^, 
together with other modifications of technique, provided five plating mcthoi 
for comparison, as follows 

A Prepared and dried plates were moculated with 6 drops of a known dilution 
of organisms delivered by means of a smgle cahbrated capillary pipette * The 
drops were allowed to fall at well-separated points on the surface of the agar 

(1) The area covered by the mdividual drops was increased by repeatedly 
tilting the plate in all directions This method is commonly used with Brnc/lh 
species 

(2) The moculum was distributed over the entire surface of the plate with a 
sterile, bent glass rod 

B Prepared and dned plates were moculated with 0 1-ml quantities of dilute 
suspension dehvered by means of a smgle ^^exax” serological 1-ml pipette gradu 
ated m tenths and hundredths of a ml The moculum was distributed by nic'ins 
of a sterile, bent glass rod This method has been used routinely with Bacienun 
iuhrense (Snyder, Engley, Penfield, and Creasy, 1946) and is a modification of 
the method of Anderson and Stuart (1935) 

C Nme-tenths ml of dilute suspension were delivered by means of a 
''exax’' 1-ml serological pipette mto the foUowmg .. 

(1) Sterile, empty plates, which then received 15 ml melted agar medium^ ^ 
at 45 C The medium and moculum were mixed and allowed to solidify ^ 
is the conventional poured plate, with the smgle exception that an attempt 
made to mcrease accuracy by avoidmg dehvery of the final 0 1 ml of the inocu u 

(2) Culture tubes (16 by 150 mm) contammg 2 ml of melted 3/2 strengt 
medium held at 45 C The medium and moculum were mixed and allowc 
sohdify on the walls of the tube by rotatmg the tube m a honzontal 
under the cold water tap This is the rolled tube method (see Wilson, 
modified with respect to the size of the moculum 

In order to provide a v’^alid basis for comparison, a single bactcnfll 
counted with all fiv’^e methods ShtgeUa dysenienae, stram 144, was £c 
this purpose because its rather simple nutritional requirements and ) s 
mdifference to oxidation-reduction potential could be expected to permi a 
dant growth m all cases ^ 

Fmal dilutions for platmg were prepared from 24-hour stock c*-* 

of nutnent broth, usmg as the diluent 0 2 per cent Difco gelatin m T ^ 
disodium phosphate (I 2 H 2 O) adjusted to pH 6 8 Wbene\er the same 

> We are indebted to M/Sgt D E DniLemmller, Jr , for a supply F F 

which were prepared essentiaUy according to the directions of Donala ( 



o 

bottle of that dilution 


were c trom a single 


Tryptone agar of the follomng composition was used m all plates 


Difco tryptone 
Sodium cblondo 
Glucose 
Difco agar 

Adjusted to pH 7 0 to 7 2 


2 0 per cent 
0 5 per cent 
0 5 per cent 
2 0 per cent 


In the case of method C2 (rolled tubes), all ingredients were originally present 
m concentrations 1 5 times those mdicated, but the addition of the moculum 
reduced them to approximately those listed 

All surface-moculated plates were dried before bemg used by storage at 34 C 
for 3 to 6 days This is not recommended as a method for producmg unifonnly 
dried plates, but it is believed that the extent of drying is a relativel}'* unimportant 
factor m the case of S dysentenae 

Plates and tubes were mcubated at 34 C for 24 hours after moculation Plates 
were counted with the aid of a Quebec colony counter, whereas rolled tubes were 
counted over oblique illummation, each colony bemg marked with a wax pencil 
Countmg rolled tubes was found to be extremely tedious 

The volumes of fluid delivered by means of the three pipetting methods were 
determmed gravimetncally Approximately 60 rephcates were delivered mto 
weighed sample bottles by each method, the exact technique used m platmg bemg 
followed as nearly as possible The bottles were closed immediately after the 
addition and weighed to the nearest one-tenth of a milligram However, in order 
to reduce the total number of weighings requued, distilled water was substituted 
m these measurements for gelatm-phosphate diluent, so that the bottles might 
be merely dried, rather than cleaned and re weighed, before bemg used agam 
This method appeared to be valid, smce the difference in weight of the dry sample 
bottles before and after completion of all measurements averaged only +0 / 
mg, and m only one case (apparently an error in the initial weighmg) did it 
exceed 2 0 mg, or 2 per cent, of the smallest volume measured 

The substitution of distilled water necessitated a correction for the volume of 
gelatm-phosphate diluent delivered by the capillary-droppmg pipette method 
(A), smce the volumes of the drops formed are influenced by the surface tension 
of the fluid delivered The correction factor required was determmed by count- 
mg the number of drops of distilled water and diluent delivered by the particular 
capillary pipette used throughout The pipette was mounted vertically in a 
fixed position, and the drop rate was controlled hy means of a capillary air mle 
A constant volume was assured by horizontal markmgs on the pipette, an e 
portion of the last drop delivered was estimated to the nearest one4en o a 
drop The results were quite constant with water, averagmg for 11 etermma 
tions 102 05 zt 0 05 drops They were equally constant for any one sample ot 
gelatm-phosphate diluent, but different samples differed appreciably t e av cmge 
of 5 detennmations on each of 6 samples was 105 56 rfc 0 IS drops le er 
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ence between water and diluent is highly significant On the basis of th^ 
averages the ratio of volume of drops of diluent to volume of an cqui\aI''D* 
number of drops of water is 0 96675 This is considerably less than the theorcti 
cal ratio calculated from surface tension measurements and probabl} ma\ be 
accounted for by the small diameter of the pipette tip 


STATISTICAL METHODS 

In order to compare the magnitude of plate counts obtained by different metb 
ods of plating, the obsen’^ed mean counts were adjusted according to the dilution 
and volume of suspension moculated In all cases the adjusted mean count 
that expected with 0 1 ml of the dilution 

Standard deviations, 

{x = coimts of mdividual plates, x = mean count, and N = number of pWe \ 
were denved from the unbiased estimate of the second central moment and arc 
thus mdependent of the particular distnbution function with which the count® 
may conform 

In order to detennme the significance of differences between adjusted mean 
counts, standard errors, 


were adjusted to conform with the adjustment of the means 

j X j 5i(adjusted x) 
adjusted S£ = 

This adjustment is dependent upon the assumption that a strict proportionali y 
exists between the standard error and the mean, and may be onl}" appron^ ^ J 
correct Consequently, most confidence may be placed in tests of sign ^ 
of differences between means when the required adjustment is minimal ^ 
The relative error of the different platmg methods was compared on t c - 
of the coeflScient of vanation, 

F = ^ 

X 

1 

This definition of the coeflBcient of variation is that of Cramdr ^ 

differs from the usual percentage representation by a factor of 1/ 
standard deviation of the coeflScient of vanation, 


IS also due to Cramer (1946) 

Tests of significance of differences between the adjusted mean 


counts 0^ 



, I I ot variation of dififerent methods, 

were based on Student’s ratio, 

i = Xi — ^ 

or 

(^ri)^ + (^7)" 

Values of t exceeding the 5 per cent level of the ^distnbution (1 960) for an infi- 
nite number of degrees of freedom are considered significant, those exceedmg the 
1 per cent level (2 576) highly significant 

TABLE 1 


Analysis of gTavimetnc measurements of water volumes delivered by three pipetting methods 


STATISTICS 

METHODS OF PIPETTIKC* 

A 

B 

C 

Number of replicates 

60 

60 

59 

Mean weights of water (grams) 




Calculated volumes of diluent (ml)t 

0 1741 



Standard deviations I 




Standard errors i 


0 0004 


Coefficients of variation 

Standard deviations of coefficients of 

0 02001 

0 02727 

0 00989 

variation 

0 00183 

0 00249 

0 00090 


* Methods of pipetting 
A Six drops delivered with capillary pipette 
B One tenth ml delivered with l-ml serological pipette 
C Nine-tenths ml delivered with l-ml serological pipette 

t Calculations based on the ratio of drop volumes of distilled water and gelatin phos- 
phate diluent 

EXPERrMENTAIi HESUI/TS 

The results of gravunetric measurements of volumes dehvered by the three 
pipettmg methods are shown m table 1 The w’eights may be converted dnrectly 
into volumes without appreciable error, smce the density of water at 25 C is 
0 9970 grams per ml (Hodgman and Holmes, 1940) It may be noted that the 
capillary pipette used delivers m 6 drops 0 180 ml of distilled water or 0 174 ml 
of gelatm-phosphate diluent The serological pipettes dehvered shghtly m 
excess of the volumes mtended, and presumably the volumes were the same in 
the case of both water and diluent 

The vanabihty of even the most maccurate method (B) was small, the coeffi- 
cient of variation bemg less than 3 per cent of the mean The coefficients of 
vanation necessarily mcluded errors of weighing, but these were apparently 
small The variabilities of the three pipettmg methods, however, differed ap- 
preciably The order of mcreasmg error was C, A, B in the ratio of 1 2 2 / It 
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may be shown that the difference between any two of these coeflScients of ^ana 
tion was statistically significant and that method C was more accurate to a 
highly significant degree than either of the other two It may be concluded, 
therefore, that of the methods tested most precise delivery was obtained i\hcn 
0 9 ml were delivered from a 1-ml pipette, and the least precise when onl} 0 1 ml 
was dehvered from the same type of pipette When it is necessary to use small 
mocula of the order of 0 1 to 0 2 ml, the capillary pipette provides more accurate 
delivery than do 1-ml pipettes 

In order to compare the vanabilities of the three pipettmg methods \Mth the 
total error of the plate count, of which they are a part, two plating expenments 
were conducted usmg the five platmg methods desenbed The two expenments 
were essentially repetitive In experiment 1 plates were inoculated by methods 

TABLE 2 

Analysts of plate counts {expertmeni 1) 

PUTTING METHODS* 

A2 B 

64 67 

308 86 178 ^ 

177 39 173 91 

22 928 13 999 

2 8660 1 7101 

1 6460 1 6679 

0 07423 0 07850 

0 00660 0 00683 

• For plating methods, see text 
t Values expected with 0 1 ml of 10~* dilution 
t Adjusted to conform with adjusted mean counts 

Al, A2, and B from the 10^® dilution, and plates and tubes by methods Cl and 
C2, respectively, from the 10^ dilution, of a smgle culture In this 
the rolled tube counts were low and extremely erratic, presumabb 
having been held m the v ater bath at 45 C for 10 to 20 minutes after inocu 
and therefore they were not included m the analysis In expenment 
emplo 3 ’'ed a second culture, the dilutions used with each method were 
that approximately equal mean counts could be expected with a 
These dilutions were 0 6 X 10“® m the case of methods Al and A2, ^ 

vith method B, and 0 11 X ICh® with methods Cl and C2 Furt 
this expenment rolled tubes were rolled and cooled immediatcl> a ter in 
tion, a procedure requinng the attention of two operators ^ 

The analyses of these two expenments arc shown m tables 2 
rather similar 's alues were obtamed for the adjusted mean counts o ^ 

methods, as well as for their xanabilities as mdicated 
(which ma} fegitmiatel> be compared), it is necessary to resort to a i ^ 



49 

163 37 
16S 77 
11 727 
1 67^3 
1 8135 
0 07&I6 


Number of replicates 66 

Mean counts (colonies per plate) 293 14 

Adjusted mean countsf 168 36 

Standard deviations 21 949 

Standard errors 2 7017 

Adjusted standard errorsj 1 5517 

Coefficients of vanation 0 07488 

Standard deviations of coefficients of 
vanation 0 00655 











- ^ ^ I ces between them The significances 

of the differences between all possible combmations of adjusted mean counts 

TABLE 3 


Analysts of plate counts (expcnment S) 


STATISTICS 

PLATING METHODS* 

A1 

A2 

B 

Cl 

C2 

Number of replicates 

H 

56 

56 

66 

66 

Mean counts (colonies per plate) 


161 36 



167 48 

Adjusted mean countsf 

146 37 

154 46 

154 37 

159 11 

167 54 

Standard deviations 

12 807 

13 568 

11 513 

14 157 

12 338 

Standard errors 

1 7115 

1 8132 

1 5386 


1 6488 

Adjusted standard errors^ 

1 6382 

1 7356 


1 8926 

1 6494 

Coefficients of variation 



0 07273 


0 07367 

Standard deviations of coefficients of 






variation 



0 00691 


0 00700 


*For plating methods, see text 
t Values expected with 0 1 ml of 10^* dilution 
t Adjusted to conform with adjusted mean counts 


TABLE 4 


Signxficance of differences between mean counts of various plating methods 


EXPEHJOrNT 

JfETEODS* COlCPAiSD 

DIPPEiENCES BETWEEN i 
ADJUSTED MEANS 

StANPABD EESOBS OP 
pOTEUENCES 

STUDENT^Sf 

KATIO 

1 

Al, A2 

-9 03 ' 

2 262 

3 992(++) 


A1,B 

-5 56 1 

2 278 

2 440(+) 


Al, Cl 

-0 41 

2 410 

0 171 


A2, B 

+3 47 1 

2 343 1 

1 482 


A2, Cl 

+8 62 1 

2 471 

3 487(++) 


B, Cl 

+5 14 

2 486 

2 070(+) 

2 

Al, A2 

-8 09 

2 387 

3 389(++) 


Al, B 

-8 00 

2 221 

3 602(++) 


Al, Cl 

-12 74 

2 503 

5 091(++) 


Al, C2 

-21 18 

2 325 

' 9 no(++) 


A2, B 

+0 09 

2 294 

0 038 


A2, Cl 

-4 66 

! 2 568 

1 813 


A2, C2 

-13 09 

! 2 394 

5 467{++) 


B, Cl 

-4 74 

2 415 

1 964(+) 


B, C2 

-13 18 

1 2 230 

5 910(++) 


Cl, C2 

1 -8 43 

2 510 

3 359(++) 


* For plating methods, see text _ , 

t Ratios exceeding the 5% level of the /nlistnbution (1 960) are considere gm 
(+), those exceeding the 1% level (2 576), highly sigmficant (++) 


Within each of the two experiments are shown m tabl^ 4 Smce these e?^rinients 
were not designed primarily for the comparison of raean counts, pro a y o y a 
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few of the tabulated comparisons are vahd The significance of the different' 
between means of plates moculated from different dilutions, or even from differ 
ent dilution bottles, should be questioned because the error mvohed in the 
preparation of dilutions was not determmed Methods Al, A2, and B in expen 
ment 1 are not subject to this cnticism It may be seen that the adjusted mean 
counts of methods A2 and B were not significantly different, whereas both were 
significantly greater than that of method Al The higher counts arc uti 
doubtedly related to the more efficient spreading of the moculum which wa 
obtamed m methods A2 and B by the use of a bent glass rod It is suggeded 
that the opportumty for the formation of congruous colonies is decreased b> thi 
procedure The only comparisons of mean counts within experiment 2 which 
may not be questioned are those between methods Al and A2 and between lucth 
ods Cl and C2, each pair of which was moculated from a smgle dilution bottle 
Agam, method A2 gave a significantly higher count than method Al, confirming 
the results of the first experiment In addition, the adjusted mean of method C2 
(rolled tubes) was significantly higher than that of method Cl This confirm' 
a similar observation of Wilson (1922), and the magnitude of our diflcrence (o 


per cent) is approximately the same as his 

On the other hand, it would appear legitimate to compare the ^a^abllltlO'' o* 
any two platmg methods withm either experiment, or even those of different 
experiments, smee the coefficient of vanation is generally considered independent 
of the ongmal culture, of the dilution used, and of the mean count Actunll^i 
however, mdependence between the coefficient of variation and the mean count 
follows from the assumption that the standard deviation is strictly proportional 
to the mean Smee this may be only approximately correct, most confiden^ 
may be placed m comparisons between the vanabilities of the platmg racthi^ 
of the second exjienment because the unadjusted means are nearly equal in ^ 
case This consideration is relatively unimportant, however, because it ms} ^ 
shown that no two of the coefficients of vanation obtained in both expenmen^ 
differed significantly The 36 possible combmations may be covered by a fin? 
test, usmg the greatest difference observed (that between methods B an » 
experiment 2) and the smallest observed standard deviation of the cociTici^n 
vanation (method Al, experiment 1) Student’s ratio then becomes 


_ 0 01628 _ 

^ “ V2(0 00655)= " ’ 

which IS nonsignificant and at least as great as that of any pair of obsen 
It may be concluded, therefore, that the vanabiht'y or error of any one o 
platmg methods tested was not significantly greater than that of nn^ ^ 

fincrcf" 

It IS now necessary to reconcile this conclusion xvith the findmg tba ^ ^ 
of the three pipettmg methods used did differ significantly This ma} ^ ^ 
most conxeniently by considermg the components of error mvoUc 
efficients of vanation of the plate counts will be regarded for this ^ m 

total errors (T), consistmg m part of vanabilities due to the pipetting o 



appropriate pipetting methods as determined gravimetncally The remammg 
vanabilities (7J) which complete the total are probably attributable to the distn- 
bution of organisms m the ahquots and to factors influencmg the development of 
the organisms moculated Smce the addition theorem is defined for terms of 
the same order as the variance (s^), the relation between these components may 
be expressed by the equation, 


+ R^, 

and R may be determmed from the equation, 

R = 


TABLE 5 

Analysts of error involved in various plating methods 


expuldient 

PLATING 

METHOD* 

COIfflOilNTS or \axiation 

T-R 

100 (r - R) 

Totalt 

(T) 

Pipettmgt 

iP) 

Remamdeii 

{R) 

T 

1 

A1 

0 07488 

0 02001 

0 07216 

0 00272 

3 63 


A2 

0 07423 

0 02001 

0 07148 

0 00275 

3 70 


B 

0 07850 

0 02727 

0 07361 

0 00489 

6 23 


Cl 

0 07646 

0 00989 

0 07515 

1 

0 00131 

1 71 

2 

A1 

0 08376 

0 02001 

0 08134 

0 00242 

2 89 


A2 

0 08409 

0 02001 

0 08168 

0 00241 

2 87 


B 

0 07273 

0 02727 

0 06742 

0 00531 

7 30 


Cl 

0 08901 

0 00989 

0 08846 

0 00055 

0 62 


C2 

0 07367 

0 00989 

0 07300 

0 00067 

0 91 


* For plating methods, see text 
t Coefficients of variation taken from tables 2 and 3 
t Coefficients of variation taken from appropriate entries in table 1 
§i2 = Vys — pi Additional preliminary analysis of this remainder vanation (iS), 
subtracting the variance due to a h 3 rpothetical Poisson distribution of orgamsms in ahquots 
of suspension, shows that residual variation is small and, in some cases, negative There 
18 at this time no plausible explanation for these negative residuals, but they suggest that 
there is something in the method which tends to keep the counts at an artificially even level, 
■which would somewhat impair their use as measures of vanation of bactenal populations 

The values of these statistics are given in table 5 for all the plating methods of 
experiments 1 and 2 It will be seen that the remainder (R) constitutes almost 
the total error (T) The final column of this table lists the percentage contribu- 
tions of the pipettmg errors to the total errors when reduced to terms of the 
same order as the actual measurements T akin g both experiments mto accoimt, 
this amounted to onfy 2 9 to 3 7 per cent m the case of capillary pipettmg 
methods, to only 6 2 to 7 3 per cent m the case of 0 1-ml ahquots dehvered with 
a 1-ml pipette, and to only 0 6 to 1 7 per cent m the case of 0 9-ml aliquots 
This would appear to explam sufificiently the failure of the more precise methods 
of measurement to mfluence significantly the total error of the plate count 
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DISC7USSION 

Experimental results have been presented which indicate that, within ib 
limits of precision ordmanly employed m pipettmg ahquots of inoculum in'o 
mdividual plates, the accuracy of measurement provides a negligible contnbuli : 
to the total error, and that even so crude a method as that of measunng 0 Id 
quantities with a l-ml pipette does not significantly increase the platmg crrc’* 
Smce a conclusion of this sort naturally leads to the recommendation of chanp 
m the technique of plate coimtmg, it would be well to subject the expenmcnii! 
evidence to careful scrutmy 

In the first place, the statistical anal3^is appears to be vahd throughout E- 
sentially identical experiments, each employing numbers of replicates gencraBr 
considered sufficient to detennme the pertment statistics, were mutually co: 
firmatory Estimates of error were mdependent of the form of distnbution fun 
tion which may be mvolved, and m at least one experiment the possible influence 
of unequal means was minim al Tests of significance were necessarily based n 
a normal distnbution fimction, but it is known that even with markedlj skewed 
distributions the statistics concerned are approximately normally distnbuted 

Also, it might be objected that the relative famihanty of the operators withtb 
different techniques mtroduced a bias in favor of a particular method It n 
especially probable that the coefficient of variation reported for the capiUarr 
droppmg pipette method is greater than that which might be obtained bv 
experienced operator However, this issue cannot be considered critical forth 
present study Smce the most maccurate pipettmg method did not apprcciabj 
affect the total platmg error, further improvement of the relatively precise cap- 
lary-droppmg method would, at most, have no greater effect 

The specific coefficients of vanation reported apply only under 
mental conditions described and with the particular organism used f 
prmcipal conclusion which is drawn from them, however, can be affected on r 
conditions or a bacterial species which leads to a reduction of the tota 
The extent to which the total error must be reduced m order that the pip^ ^ 
error may exert an appreciable effect depends upon the magnitude of the ^ 
tmg error The hmitmg value (Tp) of the total error corresponding to van ^ 
percentage contributions (p) of the pipettmg error (P) is found b} so u lo 
the equations, 


V = 


ICfOCT - R) 


and 


which is 


R = V?^ - 



ting methc =? used ^ may be seen + nt an apprer ^ > con^n i i (tor e'^- 
ample, 20 per cent of the total error) from the pipettmg error is not attamed imtil 
the total error is reduced to 0 016 to 0 045, depending on the pipetting method 
used It IS questionable whether or not such low values for the total error are 
ever attamed, m any real sense, with bactenological plate counts Although 
coefficients of variation as low as 0 01 have been reported^ for individual counts 
denved from small numbers of plates, such occurrences are related to the charac- 
teristic fluctuation of the statistic with small samples and cannot be regarded as 
accurate estimates Determmations based on large samples, or averages of 
numerous small samples, are rarely lower than our reported values 


TABLE 6 


Ltmtttng values of total error (Tp)* corresponding to various percentage contributions of 

pipetting error 


flPETTING EMOR PERCENTAGE OP TOTAL (^)t 

UETHODS OF PIPETTINGt 

A 

B 

- 

C 

1 

0 1419 

0 1934 

0 0701 

5 

0 0641 

0 0874 

0 0317 

10 

0 0459 

0 0625 

0 0227 

20 

0 0334 

0 0454 

0 0165 

33 

0 0270 

0 0368 

0 0133 

60 

' 0 0231 

1 

0 0316 

0 0114 



t Methods of pipetting 

A Six drops delivered with capillary pipette (P = 0 02001) 

B One-tenth ml delivered with a 1-mI serological pipette (P = 0 02727) 

C Nine-tenths ml delivered with a l-ml serological pipette (P = 0 00989) 


Smce, then, there is every reason to believe that the conclusion denved from 
the experimental results is valid for general application, it is clear that efforts to 
unprove the accuracy of bacteriological plate coimtmg methods should at present 
be directed elsewhere than toward mcreased precision of measuring aliquots into 
plates Two plausible sources of the remaming variability v ere indicated in the 
introduction One of these, the distribution of organisms in the ahquots, has 
received considerable attention (Fisher, Thornton, and Mackenzie, 1922, James 
mid Sutherland, 1939, Sutherland and James, 1938, Wilson and Kullmann, 
1931) and is presumably susceptible to precise mathematical definition If this 
IS the case, the contribution of this particular source of \ anabilit3^ may be reduced 

* This figure is calculated from a value given by Jenmson (1937) for the standard devia- 
tion of the mean (standard error) of 5 plates, expressed as percentage of the mean 
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to whatever extent desired by sufficiently increasing the number of plates inocu 
lated It may be assumed that the standard error of replicate plates is approxi 
mately mversely proportional to the square root of the number of plates from 
which it is determined Therefore, whatever the error obtained with the con 
ventional usage of 3 plates, for example, it may be halved by the use of 12 phtc 
or reduced by f or f by the use of 27 or 48 plates, respectively In\estigatorb 
are discouraged from makmg full use of this relationship by the mcon\enicnw 
and expense mvolved m the preparation, moculation, and countmg of large num 
bers of plates The present study provides some encouragement m this dircc 
tion, m that it justifies the use of a platmg method (B) with which large number^ 
of plates (9 to 18) may be as rapidly and conveniently moculated as could small 
numbers (3 to 5) with standard methods In addition, preparation of the plate 
IS facilitated because they may be prepared on a large scale at convenient mtor 
vals and stored 

The other source of variabihty mdicated m the mtroduction is more difficult 
to assess, but it has been shown (Harmsen and Verweel, 1936-1937) that in cor 
tarn cases, at least, conditions that might be expected to favor the development 
of the moculated bacteria also tend to brmg the plate counts into better agree 
ment with the Poisson distnbution function, hence this type of study might bo 
used to assess the suitability of vanous media It would appear that this pot i 
bihty merits more extensive mvestigation 

In view of all these considerations it is possible to make recommendations wit 
respect to that part of the dilution plate count procedure subsequent to the prepa 
ration of dilutions When the growth requirements of the bactenal species per 
mit, prepared and dried plates should be moculated with 0 1-ml aliquots delnc^ 
by means of 1-ml serological pipettes, and the moculum should be distnbu e 
over the surface with a sterile glass rod This method is quite as precise as an^ 

of those studied and has the advantage that one source of variability ma) c(m 
vemently be decreased by approximately 42 or 59 per cent by mcreasing 
number of plates moculated from 3 to 9 or 18 Usmg method B of the pro 
study for an example, a standard error of 4 37 per cent of the mean count i3 pr^ 
vided by 3 plates, is reduced to 2 52 per cent with 9 plates, and to 1 78 per 
with 18 plates These figures, like aU the data presented, are exclusive o 
error contnbuted by the process of preparmg dilutions In the case of ^ ^ 

ism apparently charactenzed by a larger vanability, as for example oc 
tularense (Snyder, Engley, Penfield, and Creasy, 1946), the reduction o 


standard error would be more impressive numb* 

It IS recogmzed that frequently practical limitations with respect to e 
of plates inoculated are set by considerations of economy instead of man 
convenience, so that the foregomg recommendations may well ^ ^ ^ ^qti 

pally to studies m which precision is of especial importance, rather . ^ 

tme practice Even m the latter case, however, use of the su ^ 
technique with the usual number of 3 to 5 plates may be recommen 


basis of savmg time and effort 
The rolled tube method may be recommended m cases 


where stncteconon' 


c 



- ^ A I V. IS suggestive evidence 

that this method will give a higher, and therefore a presumably more accurate, 
count In our opinion, however, this method is not sufficiently convenient for 
large-scale studies 
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SUMMAEY 

Five bactenological plate counting methods were compared with respect to 
the magmtude and rehabihty of the counts obtamed with Shigella dysenienae 
The coefficients of vanation of the five platmg methods were not significantly 
different, even though the coefficients of vanation of the three methods of meas- 
urmg ahquots of inoculum mto plates did differ significantly This phenomenon 
was referred to the relative magmtudes of the platmg errors (coefficients of vana- 
tion = 0 0727 to 0 0890) and of the pipettmg errors (coefficients of variation = 

0 0099 to 0 0273) It was demonstrated that no significant contnbution to the 
total error can be expected from the pipettmg methods used unless the total 
error is considerably less than that observed m this study 
Efficient spreadmg of the moculum m the case of surface platmg methods 
significantly mcreased the coimts obtamed The rolled tube method ga^e a 
significantly higher count than the poured plate method 
As a result of these findmgs it is possible to recommend more extensive use of 
surface plate countmg methods, which are conducive to greater rephcation of 
plates 
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The primary stimulus to the following experiments was a need for a method 
whereby large numbers of the yeastlike cells of H capsulatnm could be easily 
obtamed A fluid medium m which the yeastlike phase would multiply rapidlv 
and extensively and not revert to the mycehal form would present distmct ad 
vantages over blood agar slants Accordmgly, investigations were initiated to 
determme more fully the cultural requirements and characteristics of the }ca$t 
like phase, and thereby to develop a liquid medium for its maximum growth 

MATERIALS AND METHODS 

The 19 strains of H capsulatum used were all obtamed from the collection 
mamtamed m this laboratory Salme suspensions of 3rto-4“month-old Sabou 
raud’s agar cultures of mycehum and comdia were mjected mtraperitoneaU> into 
mice After 2 to 5 weeks the mice were killed and the yeastlike phase of all but 
two of the strams was recovered on 20 per cent rabbit blood agar slants from the 
liver, spleen, or kidney This phase was mamtamed at 37 C on 20 per cent rab- 
bit blood agar slants m tubes which had been sealed to prevent drying of the 
agar The cultures were transferred once a week, although every 2 to 3 wocts 
proved satisfactory for the mamtenance of the yeasthke phase In the following 
mvestigations, the fungus was grown at 37 C m 10 ml of the semisolid medium 
(to be desenbed) m a 25-by*150-mm tube, which m most cases was sealed mih 
paraffin to prevent evaporation 


EJCPERIMENTS AND RESULTS 

Smee the yeastlike phase was known to exist, and possibly grow, in the blood 
of man and animals, and smee blood and blood serum had been shown by be 
Monbreun to mamtam the yeasthke phase, a stram of H capsulaium (6521) was 
moculated mto several liquid media m which sheep serum or plasma ivas tbc 
basic substance Although cultures m each of these media were incubated a 
37 C for 3 weeks under different oxygen tensions, no marked growth of t c 
yeastlike phase was apparent t 

Many other vanations of the medium were tned, but m all there appeare 
very httle, if any, growth of the yeastlike phase However, when the 
of the medium was mcreased by the addition of 0 175 per cent Difco 
yeastlike phase grew most abundantly and was nearly free of mycehum 
term “nearly free'^ is used smee exammation of several slides containing 
yeastlike phase would reveal only an occasional abortive bypha The 
on which this profuse growth appeared had the followmg composition ( 
products) proteose peptone, 10 g, neopeptone, 3 25 g, tryptone, 3 25 g, g ’ 
2 0 g, sodium chloride, 5 0 g, disodium phosphate, 2 5 g, agar, 1 75 g, 
tilled water to make 1,000 ml This medium was the basic one used m 
the ensumg exjienments and will be referred to hereafter as “YP 
Hydrogen ton concentration The YP medium was dispensed in 10 m 
m 25-by-150-mm culture tubes, and duplicate tubes were adjusted P ^ a 
of 3 9, 4 3, 4 85, 5 4, 5 85, 6 3, 6 9, 7 05, 7 3, 7 5, 7 7, 8 1, 8 6, and 9 6 



The results showed ma\imum giowdli of the yeastlike phase at pH's between 
6 3 and 8 1 In these tubes, as well as those in wluch less growth occurred, al- 
most no m3^celium w^as found The experiment was repeated wath two other 
strains, and similai icsults weie obtamed 
Tcnvpcrainre In oidei to determme the optimum temperature for giowi;h of 
the 3^eastlike phase, 7 stiams of H capsulamm were giowm at 4 temperatures, 25, 
31, 37, and 43 C, in YP medium The moeulum in all cases was the ^^eastlike 
phase 

At 25 C and at 31 C the lesultant grow th w js m\ celial in character, w hereas at 
37 C the 3'’eastlike phase grew extensive!}^ w ith no celium e\ ident At 43 C, 
wath the exception of one stram which showed exten^ne growth, the ^^eastlike 
phase grew much less abundantly than at 37 C, although again no hj'phae ap- 
peared Accordmgl}’-, of the temperatures studied the best growth of the 3^east- 
like phase occurred at 37 C 



Fig 1 Growth of the Yeastlike Phase of Strain 6521 of H capsulatuai at pH 7 3 in 
YP AIediuai in Agar Percentages of 0 0, 0 005, 0 01, 0 05, 0 1, 0 2, 0 3, 0 4, \nd 
0 5, (froai Left to Right) 


Viscosity In tubes containing 10 ml of the basic IT medium, the percentage 
of agar was varied from 0 0 to 0 5 as follows 0 0, 0 005, 0 01, 0 05, 0 1, 0 2, 0 3, 
0 4, and 0 5 per cent Each of these percentages was moculated m duplicate 
with the 3’'eastlike phase of strain 6521 and mcubated at 3/ C 
After 3 w eeks' mcubation examination of the cultures re\ ealed marked de\ elop- 
ment of the yeastlike phase m the tubes contammg an agar percentage of 0 1 and 
higher Virtually no growth was discernible m the tubes with agar percentages 
of 0 05 and less The most cells de\ eloped m the medium containing 0 2 per cent 
agar, with slightl3^ less m the one IiaAong 0 1 per cent agai The yeastlike colo- 
nies in the YP media with agai peicentages of 0 3 to 0 5 were cxtensne and al<==o 
unmixed wath m3^celial elements, but, owing probabb to the solidit3 of the 
medium, they were lestncted to the \ei3 surface of the medium (figure 1) Ad- 
ditional studies at agar concentrations between 0 1 and 0 3 per cent indicated that 
0 175 pei cent agar provided a \iscosit3’’ for the most cxten‘=:i\e de\eIopnicnt of 
the 3^eastlike phase, to the exclusion of the m3 celial pha^^e 

These experiments to detennine the optimum \ isco'^it\ of the medium for the 
growi^h of the 3 eastlike phase of H capsulatum w ere repeated w itli 5 other st r 
and lesults similai to those obtamed with stram 6521 were obtamed Vhcii 
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growth was extensn e, it appeared in the upper portion of the medium (fiioirc h 
When growth was markedl}' restricted, as m the tubes with no agar, no \eari (X’L 
were apparent in the upper part of the medium, although \en small quanti - 
developed at the bottoms of the tubes 

The reason for the luxuriant growth of the 3 easthke phase m a medium wiiha 
low percentage of agar was obscure Tv, o possible explanations were te^^d H) 
the agar contamed an essential growth substance, or ( 2 ) the agar produced u 
narrow^ zone of a particular oxj'gen or carbon dioxide tension essential lortk 
development of the 3 'eastlike phase Experiments were conducted to te^ 
two hA^otheses 

Difco agar, which was the t^^pe used m the foregoing ex^ienments, 11 as wa 1 i 
for 48 hours m slowh’ r unnin g tap water and then mcorporated into tube^ of 
medium m a percentage of 0 175 These tubes and similar ones \vithoiit a::: 
w ere moculated m dupheate ^with 12 strains of H capsidatum and incubated at 31 
C for 3 weeks Agam, m aU cases, growth of the ^eastlike phase A\as liixiia^ 
m the tubes of 0 175 per cent agar and ^urtuaU^" nonexistent m those contamr- 
no agar 

In order to test the possibiht^' that some morganic element ^^a 5 exerting 
effect on the growth of the x easthke phase, as much as ten tunes the concentr. 
tion of agar used m the YP medium, nameh' up to 1 75 g per 100 ml of mediu'n 
was ashed and added to the medium The tubes were then mociilatcd uitL t 
strains and meubated at 37 C for 3 weeks In no case did the x easthke ph 
appear 

To eliminate competelx^ the possibditx' of there bemg some necessaix orgin 
or morganic growth substance m the agar, semisolid “silica ger* wa> 
according to the method of Anderson and ^lacSween (1942), ivith the cxccp . 
that a ratio of one part silicate solution to 25 parts of nutnent medium 
plox^'ed instead of the 1 9 ratio recommended The purpose of the latter 
fication wa=: to produce a medium of approxunatelx the same iisco^it' a c 
contammg 0 175 per cent agar The nutnent base was YP medium in all 
The sdica gel semisolid medium, after inoculation with 14 strains and incuh- 
at 37 C for 3 weeks, brought about luxunant groivth of the x easthke pha-e ta 


cases but one, wuth x irtuallx^ no mxxelial fragments discernible ^ 

Oxygen rcqxnremenis Smee the xea^^like phase grew near the surface 0 ^ 
YT medium, the po^-ibditx presented itself that the organi^^m conccmcf^ 
stronglx aerobic and that the ^misohd YP medium served to keep the 
or near the mrface of the medium Accordmglx', experiments were initn 
determine the o\\ gen requirements of the cells ) 

Tube< containing 10 ml of the YP medium were inoculated wnth 
phase and meubated at 37 C under each of the following condition- ^ 

plete anaerobio-i^ (produced bx a auction pre=‘=ure of 30 inches of ^ 

under one-half inch of ^enle liquid petrolatum (3) under ^ ( 

dioxide in air (4} under 20 per cent carbon dioxide in air, (5) under 
carbon doxide in air ( 6 ) under SO per cent carbon dioxide in nr, an^ 

100 p>er cent oxxgen 



' y I bi s e II I to n< I y room air at 37 C Under stenie 

bquid petrolatum the same 6 strams multiplied agam only m the yeasthke phase, 
although to a shghtly lesser degree than the controls Under 10, 20, 40, and 80 
per cent carbon dioxide, luxunous development of the yeasthke phase was ob- 
served m all cases, with virtually no abortive hyphae present When m an 
atmosphere of 100 per cent oxygen, growth of the yeasthke phase was somewhat 
less than the controls, with one stram having a noticeable amount of mycehal 
development 

In addition, a flask with YP medium minus agar was moculated with the 
yeasthke phase and shaken constantly and vigorously for 4 weeks at 37 C No 
extensive growth of the yeastlike phase was then apparent However, if the 
inoculum of yeasthke cells was carefully floated on cork shavmgs, oil drops, or 
paraffin chips on the surface of YP medum minus agar, marked growth of the 
yeasthke phase resulted on the surface of the medium 

Age of culture The yeasthke phase of H capsulatum was mamtamed m cul- 
ture both on 20 per cent rabbit blood agar slants and in YP medium The 
cultures on the blood agar were transferred every 7 days, whereas those m the 
YP medium were transferred only once a month Nevertheless, several tunes 
isolates on the blood agar slants spontaneously reverted to the mycehal phase 
and had to be restored by inoculations from the YP medium This spontaneous 
transformation to mycelium at no time occurred m the YP medium Thus, it 
would seem that the semisohd medium is more suited for the mamtenance of the 
yeasthke phase m culture 

Growth of other species on YP medtum Smce the yeasthke phase of H capsu- 
latum grew so well on YP medium, it seemed logical to moculate other species of 
pathogenic fungi theiem to obtam their respective parasitic phases The species 
studied m this regard were Blastomyces dermatUidts, Coccidiotdes immitiSj and 
Sporoirichum schencim 

When the yeasthke phase of B dermcdiUdis from rabbit blood agar slants w as 
inoculated mto the YP medium and incubated at 37 C, the 5 strains tested de- 
veloped primarily as mycelium In the studies on 6 strains of C zmmiixSj with 
inocula consistmg of either a saline suspension of comdia or a suspension of 
spherules from an infected mouse testis, there was no obvious development of the 
yeasthke phase in the YP medium at 37 C Of the 6 strains of S schenclti 
incubated m the YP medium, two developed entirely in the yeasthke form, but 
the others appeared both m the mycehal and buddmg phases 

SUMMARY 

Seventeen strams of Htstoplasma capsulatum were grown in a fluid medium m the 
yeast-hke phase 

The best growth occurred at hydrogen ion concentrations between 6 3 and 8 1, 
at a temperature near 37 C, and in a medium containmg a mixture of organic 
nitrogen compounds 
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gro\^i:h ^^as extensive, it appeared in the uppei portion of the medium (figure 1) 
Ti\Tien growth v as markedly lestricted, as m the tubes vith no agar, no}cast all 
were apparent m the upper part of the medium, although veiy small quantiti'' 
developed at the bottoms of the tubes 

The reason for the luxxiriant grovi^h of the yeasthke phase m a medium 
lov percentage of agar was obscure Two possible explanations vere tested (I) 
the agar contained an essential growth substance, or (2) the agar produced a 
narrow zone of a particulai oxygen or carbon dioxide tension essential for tlif* 
development of the yeasthke phase Experiments vere conducted to te^t thc^" 
tv o hj'potheses 

Difco agar, which Avas the type used in the foregoing experiments, was wAi 
foi 48 houis in slovly lunnmg tap ivater and then incorporated mto tubes of IP 
medium m a peicentage of 0 175 These tubes and similar ones vitliout agnr 
AA eie moculated m duplicate AAuth 12 strains of H capsulaiim and incubated at 37 
C for 3 AA^eeks Again, m all cases, giOAAiih of the yeasthke phase was luMinint 
m the tubes of 0 175 per cent agar and A'^irtually nonexistent in those containui!: 
no agar 

In ordei to test the possibility that some inorganic element A\as exerting an 
effect on the groAA^th of the yeasthke phase, as much as ten times the concontn 
tion of agar used m the YP medium, namely up to 1 75 g per 100 ml of mcdiiirn, 
AAas ashed and added to the medium The tubes AACie then inoculated lutli i 
strams and incubated at 37 C for 3 AA^eeks In no case did the 3 ^eastlike plu>^ 


appeal 

To eliminate compete^ the possibility of there bemg some neccssar^ organic 
01 inoiganic gioAAi;h substance in the agai, semisohd “silica gel” was prcpirct 
accoidmg to the method of Andeison and MaeSAA^een (1942), w^ih the exception 
that a latio of one pait silicate solution to 25 parts of nutrient medium 
ployed instead of the 1 9 ratio lecommended The puipose of the latter m 
fication AAas to produce a medium of approximately the same viscosit} 
containing 0 175 per cent agai The nutrient base Axas YP medium m a ci ^ 
The silica gel semisohd medium, after inoculation A\ith 14 strains and mcun 
at 37 C for 3 Axeeks, bi ought about luxuriant groAA^th of the j^easthke p 
cases but one, aa ith Aurtuall^^ no m^^celial fragments discemible 

Oxygen i cqinrements Since the yeasthke phase gieA\ near the su at 
YP medium, the possibiht}’’ presented itself that the organism 
strongly aeiobic and that the semisohd YP medium served to keep t 
01 neai the surface of the medium Accordingly, experiments nerc ini n 
determine the ox 3 ^gen requirements of the cells 

Tubes containing 10 ml of the YP medium Axeie inoculated vith 
phase and incubated at 37 C under each of the folloAXing condition‘d 
plete anaeiobiosis (produced b3 a suction pressure of 30 inches o ^ ^ 

undei one-half inch of stenle liquid petrolatum, (3) umler^lO p^r 
dioxide in an, (4) under 20 per cent carbon dioxide in air, (5) ,jr^ 

carbon doxide in air, (6) iinclei 80 pei cent caibon dioxide in air, an( 

100 pei cent oxa gen 
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In the formate nemoleate medium recommended in Standard Methods of Water 
Analysts, gas production may be due to the decomposition of either lactose or 
the salt of formic acid m the medium In case the latter is the source of gas, the 
reaction of the medium turns alkahne, whereas if the former (lactose) is decom- 
posed an acid reaction will result In the standard methods formula no indicator 
to determme the reaction of the medium is mcluded, with the result that consider- 
able additional work is necessary m order to ascertam whether the gas former is 
probably a lactose fermenter 

In the course of collateral studies, it was noted that all cultures of Eschenclua, 
Citrobacier, and Aerohacter produced acid and gas, whereas those of the genera 
Proteus, Salmonella, and the paracolon baciUi produced gas with an alkahne reac- 
tion when formate nemoleate broth was employed 
In Standard Methods for Water Analysts, 9th edition, it is pointed out, m 
conjunction with the completed test, that if gas is formed m formate nemoleate 
broth, moculated from an agar slant showmg sporeformers and gram-negative 
rods, the probable presence of the cohform group of organisms should be verified 
by inoculation from the formate nemoleate to a tube of standard lactose broth 
and to a new agar slant The objective here is to determme whether the gas 
produced was due to lactose fermentation If, however, an mdicator were pres- 
ent in the formate nemoleate broth, this last step could be dispensed with as far 
as detection of a lactose-fermenting organism is concerned 
Standard Methods, furthermore, states that, if m this last step spores are 
present on the agar slant, then for all practical purposes organisms of the cohform 
group may be considered absent In view of the fact that gram-negative rods 
were ongmally present on the agar slant from which the formate nemoleate broth 
tube was moculated and that the paracolon bacilh, Proteus, and Salmonella pro- 
duce gas with an alkahne reaction m formate nemoleate broth, the conclusion 
that typical cohforms are absent when spores are found on the agar slant, though 
correct, may (if gram-negative rods are still present with the spores) actually 
result in missmg the presence of Salmonella and the slow lactose-fermentmg para- 
colon bacilh, which might actually be of sanitaiy significance 
It is suggested, therefore, that the simple addition of an acid-base indicator m 
the formate nemoleate medium might serve to ehmmate further work when both 
acid and gas are produced, and the objective is merely to detect typical cohform 
bactena, whereas the production of an alkahne reaction m conjimction with gas 
would serve to facilitate detection of Salmonella and paracolon bacilli, if present 
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Mo^ of the diferential media for enteric bacteria are based on the femeab 
ion 0 actose The gphttmg of this carbohydrate gives rise to acid as wdl t 
oxidizmg products which change the color of the mdicators employed Astb 
actose-contaming media give a definite advantage for the growth of the ladcK 
nnen co aerogenes group, many of the media are supplemented with 
ive itors (appropriate concentrations of bile salts, bnlhant green, etc^ 
a t of t^, one has to employ different media for best results m the loU 
ion 0 ei er Escherichia, Salmonella, or Shigella There is, therefore, a need foi 

a me which Escherichia, Salmonella, and Shigella would grow ^ell, bu* 

on w c Escherichia would not profit too much by its lactose fermentis? 
abihty 


Levme s E M B agar is probably the best medium for the isolation and charac 
tenzation of the coh-aerogenes group, but the high toxicity of the methylene blu' 
prevents the growth of some members of the genera Salmonella and S/njd/j 
a g advantage of the fact that aniline dyes are much less toxic in their re 
duced (colorless) form (Dubos J Exptl Med , 49, 575), methyl green reduced 
by sodium sulfite was employed to replace the methylene blue of Levine’s E MJ5 
e ow toxicity of the reduced methyl green permits a good growth of the b'* 
tose-negative entenc strains Furthermore, the advantage experienced bj 
lactose-fennentmg strains on this lactose-containmg medium is countcrbalinceJ 
y t e oxidation of the methyl green and its subsequent increase in toxici^j 
against the lactose fermenters 

The eosm methyl-green sulfite (E M G S ) agar is prepared m the folIoffiEi 
maimer 


A To distilled water 
Add proteose peptone 
lactose (Difco) 

solution of methyl green 

Decolorize (until only famt color remains) with a 10% solution of 

60 um sulfite, adding a drop at a time (will require 1 5 to 2 0 ml per 
liter of media) 

C Add 2% solution of eosm Y 
agar 

D Boil to dissolve completely and sterilize in the autoclave at 16 pounds* 
pressure (121 C) for 15 minutes 


1,000 ml 

10 g 
io g 
15 cJ 


7 5ril 
15 g 


^Fellow of the Belgian American Educational Foundation 



I . V that some samples of agar interfere vnth. the proper reduction of the 
methyl green ) 

This medium, at the same time, mdicates pH and rH changes without sodium 
sulfite, it IS equivalent to Levine’s E M JB , and without eosm it is equivalent to 
Endo’s medium It gives, therefore, a wide range of different shades among 
lactose-fermenting as well as lactose-nonfermentmg colomes Changes m color, 
resultmg from the fermentation of lactose, do not diffuse around the colony as 
m Endo’s medium but are localized to the center of the fermenting colony as m 
Levme’s E M B The appearance of the coh-aerogenes strains on this medium 
IS similar to that on E M B , and lactose-negative strains form larger colonies 
with shades varymg from gray to red according to the alkalinity produced 
ShtgeUa dyseniertae strains, which failed to grow on Levme’s E^JB , gave good- 
sized colomes on this medium Except for enterococci, which produce very 
small colomes, E M G S agar completely inhibits gram-positive organisms 
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Assimilatioa of aliphatic hydrocarbons by anaerobic bacteria has been noted 
m the case of Desulfovibno species by Novelli and ZoBell (J Bact , 47, 447) 
The following data reveal that these sulfate reducers catalyze the anaerobic on 
dation of a considerable variety of mixed hydrocarbons Substrates iivercemu! 
sified in water with gum arabic, autoclaved, mixed with sterile mineral 
solution, and moculated with mixed cultures of sulfate-reducmg anaerobes Cul 
tures were meubated m 60-ml glass-stoppered bottles at 27 C Hydrocarbon 
oxidation was accompamed by sulfate reduction, which was emploj’ed /b an 
mdex of bacterial activity Sulfates were not reduced in the presence of gtini 
arable mixtures contammg no hydrocarbons 


number of cultures 
tested 


Crude oils 

Calif crude no 138-4 
Calif crude no 143-3 
Calif crude no 144-1 
Pa crude no 148-2 
Pa crude no 148^ 

Refinery products 
Kerosine no 109-5 
Lubncating oil no 140-2 
Paraffin oil 

Gum arable (control) I ^ 

Long-cham aliphatic hydrocarbons have undergone rapid 
sulfate reducers Insoluble fatty acids were isolated as interme ^ 

consumption The presence of fatty acids, however, was transitoo » ^ ^ 
underwent further degradation The utilization of hexadecane 
and was traced quantitatively by the ether extraction procc urc ^ j 
(Science, 98, 546) and the fractionation methods of Wilson ^ 

Chem , 112, 457) A typical experiment, emplo3ung culture 
recorded below ^ 

1 Contnbutions from the Senpps Institution of Oceanography, 

This paper is a contnbution from American Petroleum Institute 

^ Present address Cah forma Research Corporation, La Habra, La i o 




DAYS 0? INCUBATION 

EXTRACT rSACnONS 

Unsapomfiable (mg/L) 

Fatty aad (mg/L) 

0 

910 

0 

13 

668 

120 

30 

48 

0 


Hydrocarbon utibzation by Desulfomhno species appears to be associated with 
the presence of a dehydrogenase system This enzymatic activity has been de- 
tected by employmg washed cells of pure sulfate-reducing species m the Thun- 
berg method Substrates such as hexadecane or hexadecene are well suited to 
the procedure and, upon activation, readily donate hydrogen to methylene blue 
Nonsulfate-reducmg anaerobes known to be mcapable of the cultural utilization 
of hydrocarbons were mcluded as controls Tubes prepared without hydrocar- 
bon demonstrated no dehydrogenation of the gum arabic nonnally used to 
emulsify the substrates 


SUBSTBATC 

1 

SUITATE BEDUCERS | 

NONSULTATE REDUCERS 


Tested 

Active 

Tested 

Active 


\ '\ 


Hexadecane 

Hexadecene-1 

Gum arable (control) 


3 

3 

3 


2 

3 

0 


4 

4 

4 


0 

0 

0 





















SOMUl U\ CVUVOUMV hK UCU 

IiO^ Vnouin CvuuMxMv Mv\ •• l'H7 


In \no VNTirtKcnuvii Acvnnv 

llKXt NOl*ACTX>M CAoWt^ U Jo^t 

at li J Barth oJ on ctr^ Popnrtmt'nt of 

l>sctenoloj;> , Uiu\ors\t\ of Southern 
CsUfornin 

Iho sutilnctonnl scent heNeuoNetono 
occurs inturUh in whole or'ingv*?, b\ked 
whole me*\l bre \sl> ’\ud unsn:'riuin'\tid lore d 
This compouml \\n*? reccuth sMithi sited 
In Me<ldw«ir> Ivobm^^ou nud Kobm^ou 
Hud Kuhn nud xTorthel B\r^ 

tholoiucw and ller\e\ (W7) di.mou^t rated 
the in i]<ro iulubitor\ effeit of tlu'^ com* 
pound nt \ \r>ing concentmtionn nrnn>t 
n \nnetN of juthoicemo and uonpUhowme 
grain posntne ind grnmnegitno bnctcrn 
rnrtKulnr effect nene^^b w vi> noted in the 
case of ^vabjoruUo rnhnhdt^ 

The first ONjK’rnncnt in this tt tnostud\ 
was designed to determine the LDi® of 
hovenolaotono for H* to IS-grun white 
mice The ehemual w \s diluted ui plij*si* 
ological saline and administered In the 
intrajK'ntoneal route Dcith was used is 
an end point of to\lClt^ All obi>er\ itioiw 
vrere made at the end of i *H> hour |>erKxl 
The liDjo of hoNenolnotoue eileulited at- 
cording to the methcKi of Keed md Mueneh 
(1^‘>7) w IS nig |>or lU to IS gr uu mouse 
A 1 nig dose of he\enol letone w^as selected 
as the thorai>eutic dose 
E\l>orinients using ^ ir\mg de^igOi? of 
iSofifiPMc/fii euhntidi^ and a ainglo 1 mg 
injection of ho\enolaetouo administered SO 
minutes after injection of org^inisins bi the 
lutr ijioritoneal route showed protection 
ranging from 0 per lent, it the highest 
dosage of orgiuisms, to 100 iH>r leut, it the 
lowest dosage of organisms Using i con^ 
stint dosige of appro\im\tel\ 100 000 
orgiuisnis, protection ringed frmii ^0 to 
00 {>er cent for the treited mite 
An unsuccessful attempt w is mule to 
more ISO tho rate of surM\ ih 
vwncUa eatcntidis, In idministenug 1 mg 
of hoNonolactono oO minutes ifter injection 


of the org'uusius and 1 mg 5> hours after the 
imtial uijutiou of the ehemual rrehm- 
inari obsiri itious uidu ite a p(v>?.iblo de* 
e re ise in the rate of suri i\ il w itU uu re isevl 
auunmts of the elumu d 

lUl'OU'V 0> V lUuVllNMA VM> 

PixOi luri > 0 Pi vKKiu V rK> sinu m \ 

Dvv IV SviMviMWwV WUOUVW lUOM 

am iNoisamN o> lNW\unvain\ Coomo 
lees '2 h Jtdifta Popirtuieut of 
Pithologi lud I'utenelogi College of 
Meehcil lAaugehsts liouu laudi CiU^ 
form i 

Vlthough in e/frt had for- 

merly K'eu vonsidercai nonpithogiuu for 
muu a mimlvr of cases of humm diirrhea 
from which this org'inism has l>eou isol itcd 
haao l>ceu reported Attention has re- 
evnth l>eeu drawn to this subject In the 
report of Mitchell cJ of (J luhctunis Pis* 
eises 7^» Tu-tU, WOl, which gv\*es dat i ou 
\ major food-poisomug cnitbreak charac- 
tenred In i diarrhe i n eriging ^ to ? dai-s 
and imohuig I* a ih'Tsousj 1?J of whenu re* 
epured hcx-pit lUration Salt or effo p f- 
foroM w IS r It her defimtely iucrmnnatc\l in 
this outbreak lUd the u ulihle e\ideiica> 
indicated tint the source of the c>rganisiu 
w IS incompletely coc^ked eggs m rice 
pudding 

A case is reported of a fonide, ige 
who de\ eloped i ch irrhe \ b d us, after hc^^ 
pital outrN fc>r ol>stetrica\ care ^Ihis 
diirrhea listed for ibout i nunith Just 
before reco\er\ there w \s an Hcute evicer- 
biticm iss,ociated with \ tcnin>or \ture of 
10Jt» I tint required i second ho^pitah- 
ntum SahtwmUa puUorun was isolited 
from the patientk steel it tho mispt of the 
dnrrhoi Ihe sourvv of the infect ion \p- 
l>oared to be lUcomplotoK cooked eggs 
which wore served for btvakf ist e uh morn- 
ing while tho pitient w is hospit ihted for 
obstetric il care 




THE EFFECT OF STREPTOIMYCIX OX THE METABOLIS:^! OF 
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Benzoic icid ind some related compounds aie able to increase the metabohsm 
of mjcobactern (Bemlieim, 1941) The owgen uptake and carbon dioxide 
production of the pathogenic strains H-37 ind Bi are great h accelerated when 
small amounts of benzoic oi sahcjhc (o-h\ drow benzoic) acid are added to the 
bactenal suspensions Other h} droxj benzoic icids as well as anunobenzoic 
acids are wathout effect Benzoic and bahc\ he acid aie not oxidized b\ these 
pathogemc strains, so presmnabl} the} act to catahze some endogenous meta- 
bohe reaction of the cell A Mycobacterium obtamed trom the collection of Dr 
Yan Xiel, recentl} identified as M lacticola, oxidizes benzoic, m- and p-h}dro\}- 
benzoic acids but not sahc} he acid (Bernheim, 1942) The first three acids can 
act as the sole carbon somces for the growdh of thib species (Saz and Bernheim, 
1942) The metabolism of a number of othei mjcobactena with respect to 
these compounds ma} be said to be intermediate between that of M laclicola 
and the pathogemc strains in the sense that benzoic acid is oxidized b} them but 
the h}drox’} acids are not, although some of the latter ma} increase the oxjgen 
uptake Lehmann (1946) has found essential!} the same effects m the m}co- 
bactena he has studied Because of the apparent importance of benzoic acid in 
the metabohsm of these organisms, it was of interest to stud} the effects of strep- 
tom} cm on its oxidation 


experimental 

Cultures The foUowang nonpathogemc strains of M ycobacterium obtainable 
from the Amencan Type Culture Collection were used M stercoris (77), M 
amm (9077), iV tuberculosis ^ar bovis (BCG 8240), M tuberculosis \ar boiis 
(599), M leprae (4244), and M tuberculosis (607) All of these strains attam 
full growdh in 3 da}s at 37 C on Long’s s}nthetic medium and thus grow more 
rapidly than their freshly isolated \ irulent counterparts 
The H37 and Bi strains of M tuberculosis were ongmalh obtamed from 
Saranac Lake and have been mamtamed m these laboratones for se^e^al \ears 
Media M lacticola and M stercons were growTi at room temperature on the 
medium described b} Kohn and Harns (1941) m which glucose is the sole carbon 
source For special tests the glucose was replaced b} 0 1 per cent benzoic acid 
or ?n-h} drox}^benzoic acid 

^ A prehminan report has appeared m Science, 105, 435 (1947) and in the Xbstractsjif 
Proceedings, 47th General Meeting of the Societ} of \raencan Bactenologists, 6S (194/) 
This stud} was aided in part b} a grant from the Duke Universit} Reseamh Council 
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The pathogenic H37 and Bi stiains weie gio\vn on veal infusion ghccro! bn 
vhereas the other mycobacteiia veie giovn on Long^s sjnthctic medium 
37 C Foi special tests the folloAnng modifications of the medium dt irS ' 
b} Dubos et al (1946) veie used 


Asparagine (or benzoic acid) 

1 Op 

Vnimonium citrate 

lOp 

laisPO^ 12H.0 

lOp 

Na HPO 4 12H 0 

C3c 

Ferric ammonium citrate 

Olp 

I\rgS 04 7 H 2 O 

0 Cp 

H.O 

to i,ooooi : 


The pll vas adjusted to 7 0 This medium vas also used valh the ndditiu’n 
2 0 pel cent agar 

Cultuies veie used vhen they veie at the beginning oi middle of the l'‘ 
nthmic giovlh phase Even suspensions of washed bacteria wcic nudt b\ t' 
method ahead}'' desenbed (Beinheim, 1941) An aliquot (3 to 7 nig dr\ \mi ^ 
of bacteiia) in 2 0 ml of m 20 phosphate buffei pH 6 7 v as placed in e a h irl 
\e^scl and the o\3^gen uptake measuied vith and without the addition of \ ir 
compoundte Stieptomycm HCl (Meick) vas used It vas made up m 
and diluted vith the phosphate buffei immediately bcfoic its addition tot 
suspension All experiments veie done at 37 C in air 

The fust expeiiments shoved that the oxidation of benzoic acid b) 
these b ictein is maikedly sensitive to stieptomycm As sliovn in liguo 1 ^ 
Mg in 2 0 ml causes an appreciable inhibition, and with 10 0 Mn 
inhibition is almost complete Figuie 1 also shovs that 500 Mg 
Sth OI sticptidine HCl (kindly supplied by Meick and Compant) m ^ 
tficct Vppaiently the A\hole stieptomycm molecule is nccc^'^in for tin 
tion ot the oxidation of benzoic acid, as it is foi the inhibition of growt i ^ 
tom^cln, ho\\e\ei, has no effect on the metabolism of the pithogniu 
vhich do not oxidize benzoic acid Even 500 mS have no effect on 
uptake m the piesence of benzoic and salicylic acids and Inuchttkf l* ^ 
oxidition ot t itt} acids and othei substiates Pathogcnitit\ j., 

bicteiii is aecompinied by a change in metabolism and a gre it \ 
''ensltl\lt^ ot oxidatu e leactions to streptomycin Ihis difTercm c 
in the eftects of stieptom} cm on the giowth of thcbC oig inism^ ^ j 

It w Is then neccbsaiy to deteimine vhether the oxidation of 
the leiction most sensitne to streptomycin Various po-^ihle ” ^ ^ , 

added to 'suspensions of the bacteiia No ammo acid tested i" o\a ^ ^ 
exception of t^robmeb} M /nc/zco/a and asparagine b} sonic oft u , 

Higher md lowci fatt\ acids aie oxidized rapidly b\ all of 
the onh '^ugar which i'^ leidil} oxidized b} most of the i 

being the pithogcnic 1137 and 1/ slcrcons Trehalo-e i" a di- 
cosido-1-a-glucoside) containing two molecules of ghuo-e lin ( ^ 
ddeln de groups Other glucobc dis iccharide*-, such as cello no 



■ I. ows much less specificity 

than any of the other species Fructose is oxidized slowly by most of the 
organisms, as are mucic acid, manmtol, and sorbitol These results are shown 
m table 1, which also mdicates which compounds can act as sole sources of carbon 
for growth Figures 2 and 3 show the^ effects of streptomycm on the oxidation 
of a number of these compounds m comparison with its effects on the oxidation of 



Fig 1 Left Effect of different amounts of streptomycm on the oxidation of benzoic 
acid M 607 Right The effect of streptomycin, streptamme, and streptidme on the 
oxidation of benzoic acid by M BCG 


benzoic acid In all cases the oxidation of benzoic acid is inhibited to a greater 
extent than that of any other compound tested M lacitcola oxidized m- and 
p-hydroxybenzoic acids as well as phenol and tyrosme The oxidation of these 
hydroxy compounds is somewhat more sensitive to streptomycm than that of 
benzoic acid, but all these reactions require 50 fig per ml of streptomycm for 
inhibitions comparable to those obtamed by 5 0 /tg per ml m all the other non- 
pathogemc species 

The next question which arose was whether organisms made resistant to 
streptomycm by growmg them m gradually mcreasmg concentrations of the drug 
would show a correspondmg resistance to the effect of this drug on the oxidation 
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of benzoic acid These experiments were done on M lacbcola and 
ntim 607 The results are shown m table 2 and mdicate that a parallelism exu** 
between the ability of these bactena to grow in streptomycin and their abilitvi^ 
oxidize benzoic acid m its presence Smce streptomycm-resistant organimb d i 
not inactivate the drug, it is possible to assume provisionally that resistance to i 
IS accompamed by the production of more of the catalyst or cata^^s rc^pon .b’ 
for the oxidation of benzoic acid Support is given to this assumption bvtb' 
foUowmg expenments M lacitcola was grown in a medium with benzoic 
as the sole carbon source The oxidation of benzoic acid by these organbm:) 
not inhibited by 300 fxg per ml streptomycin, whereas the oxidation by the control 
grown in glucose was inhibited as usual by 50 fig per ml The oxidation d 
p-hydroxybenzoic acid by the benzoate strain was as sensitive to streptomycin 
as the oxidation of this compound by the control This proves, incidcntallv, 
that the oxidation of benzoic acid by M laciicola does not go through the hv 


TABLE 1 

Properties of the cultures 


OSCAKISir 

BENZOIC 

AdP 

SALICYLIC 

ACID 

^HY- 1 
PROXY 
BENZOIC 
ACID 

1 

TREHA 

LOSE 

1 

FRUCTOSE 

GLUCOSE 

1 

iruac 

ACID 

ACETIC 

ACID 

pAiitnr 

ACID 


M leprae 

+ c 





+ 



— 

1 

+ 

4* 

M 607 

+ c 

- X 

- X 

+ c 

+ c 

+ C 

+ x 

+ 

+ 


M siercons 

+ C 

— 

— 

— 

+ 

" c 


+ 

+ 


M avium 

+ X 

— 

— 

+ 






1 

M BCG 

+ c 

— 

— 

+ 

+ 

- c 

+ 

+ 

+ 

H 

M phlei 

— 

— 

— 

+ 


± c 



i + 


M H37 

+ X 

+ X 

- X 

— 

— 

1 -- c 

— 

+ 

' + 


Soil M 

+ c 

— 



+ 


+ 

+ 


9 


+ = increased O 2 uptake, — — no increased O 2 uptake, C « utilized as solo C«o- 


X = not utilized as sole C source 


droxybenzoic acid stage It also can be shown that when m-hydrox> benzoic 
IS used as the sole carbon source its oxidation becomes less sensitive to rc>r ^ 
mycm, whereas that of benzoic acid has the same sensitivity as the con 
Similar expenments were done with M 607, M BCG, and M leprae 424 , ^ 

in modified Dubos medium contaimng benzoic acid The results arc comp 
to those obtained with M laciicola^ although the differences are not so ^ 
Table 3 summanzes these facts It should be noted that in all cases 
at the beginning is oxidized more rapidly by the strains grown m it ^ 

controls Parallel expenments on the effect of streptomycin on the ^ 

the benzoic acid and the control strains were not so clear-cut In n P» ^ ^ 
centration of streptomycin the benzoic acid strains grew out more rap 
day^ or two but were then overtaken by the control strains It , 

the benzoic acid strains have lost their ability to alter their met 
readily as the controls 

The organisms grown in benzoic acid contain a dark pigment, an 
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Fig 2 Top Effect of 100 pg per ml of streptomycin on the oxidation of various com- 
pounds by the soil mycobacterium Center Effect of 5 /ig per ml of streptomj cm on the 
oxidation of various compounds by M BCG Bottom Effect of 5 per ml of streptomj cm 
on the oxidation of vanous compounds by M 607 
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Fro 3 Effect of 5 pG pee Ml of Stbeptomtcin on the Octdatios of Variofs 
Compounds bt M steecobis 

TABLE 2 

Effect of slrepiomycin on henzoaie oxidation of normal and resistant strains oj 

Percentage of Inlubition of Benzoate Oxidation 














bt »• up less oxi‘ * 1 1 I , , ^ 

ever, that in comparing the oxidation of the benzoic acid and control strains the 
same amounts of bacteria were always used This is important because the i>er- 
centage of inhibition by streptomycm is proportional to the number of organisms 
present Thus with M 607 a 29 per cent inhibition of the oxidation of benzoic 
acid was obtamed when 0 5 ml of the bacterial suspension was used, whereas a 


TABLE 3 


The tnhtbiiton of streptomycin of the oxidation of benzoic and m-hydroxide acid by various 
mycobacteria grown with and without benzoic or m-hydrozyhenzoic acid in the medium 
(The oxygen uptake of the orgamsms without added benzoic acid has been subtracted m 


each case) 
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I =» iniubition, S streptomycin 


52 per cent inhibition occurred with 0 25 ml In this connection it may also be 
mentioned that the restmg respiration is never inhibited by streptomycm 
There is always a latent penod before the inhibition of the oxidation of benzoic 
acid takes effect This may be due to a slow penetration of streptomycm into 
the cell or to the fact that the drug is not mhibitmg the first step m the oxidation 
of benzoic acid but some mtermediate step Streptomycm was therefore added 
to the bactenal suspension at different mtervals dunng the oxidation of benzoic 
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acid, and the tune was measured for the attainment of a given percentage of r 
hibition The time was the same v\ hether the streptomycin v\ as added before tf ' 
benzoic acid or halfway through the oxidation process, and this indicates that tf' 
latent penod is due to the tune necessaiy for the drug to penetrate to its site o 
action It also mdicates that it is the oxidation of benzoic acid wluch is inhibitc\l, 
but does not rule out the possibihty that the oxidation of mtermediatcs is 
affected 

Attempts were made to deterrmne the effect of benzoic acid concentrations on 
the inhibition by streptomycin, to see whether the two substances are competing 
for the enzjune surface In order to do this effectively it is necessar} to rcli 
lively large concentrations of benzoic acid so that its concentration is not mate 
nally altered by the amount metabohzed It was not possible to use such con 
centrations as they tended to be inhibitory Consequently, the percentage cf 
inhibition was measured when 1 0 and 2 0 mg of benzoic acid were added and a 
constant amount of streptomycin was used The first significant figures wen 
taken after the latent penod when 20 per cent or less of the benzoic acid had been 
oxidized Under these conditions the following percentages of inhibition v>c:c 
obtained for 1 0 and 2 0 mg benzoic acid, respectively, and 5 0 fig per ml strepto- 
mycin 38 and 25 per cent for M 25 and 12 per cent for M BCG Asth' 

oxidation proceeds the percentages of inhibition mcrease and become tlic «amc fc* 
the two concentrations of benzoic acid The mdication is, therefore, that it" 
substrate and inhibitor are competmg for the enzyme 

None of the species completely oxidize benzoic acid to CO 2 and H*0 Usuallv 
the oxidation stops w^hen a half of the theoretical amount of oxygen is taken up 
The end product has not been identified 


DISCUSSION 

A bactenostatic agent may act by inhibiting anabolic reactions dircctl}, tk 
hmiting growth by interfering with the S 3 mthesis of cellular matcnal, or indircc 
hy inhibiting oxidativ^e reactions which provide the energy for such s} 7 ithe 1 
IS evident that certain nonpathogemc mycobactena can utilize benzoic acK 
source of energy and that this reaction is readily inlubited by streptomje* 
Smee there is, moreover, a parallehsm between the ability of the drug to m ^ 
this oxidation and the growth of the orgamsm, the evidence indicate:) ^ c- 
may be an important mechamsm m the bactenostatic action of streptoT; 

It IS imdoubtedly not the only mechamsm The growth of pathogenic 
tena which do not oxidize benzoic acid is equally well inhibited by the ^ ^ 
this is also true of a number of gram-negative bactena that do not ^ ^ 

compound It w ould seem, therefore, that there must be some gene ^ 
which IS inhibited m these orgamsms by streptomycin and that them u 
oxidativ e reactions is secondan^ It is of interest, however, that a speci 
tion can be inhibited b}’' a so-called antibiotic agent 


suxniART 

A number of nonpathogemc mj cobactena oxidize benzoic acid 
tion IS inhibited by very small amounts of streptomycin 


Ti 



As the growth of the organisms becomes resistant to streptomycm, so does the 
oxidation of benzoic acid 

The oxidation of benzoic acid by mycobactena grown m benzoic acid as the 
sole carbon source or grown in media cont ainin g benzoic acid is more resistant 
to the inhibiting action of streptomycin 

Streptamme and streptidme which do not inhibit growth do not inhibit the 
oxidation of benzoic acid 

Benzoic and sahcyhc acid stimulate the oxygen uptake of pathogemc mycobac- 
tena but are not oxidized by them This reaction is not inhibited by strepto- 
mycm 

Other properties of the action of streptomycm on the oxidation of benzoic acid 
are descnbed 
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In ceitam lecciit pipei-s Pijper (1946, 1947) ha^ pioposed the thesis that bac- 
tcrnl flngelK me not oigins of locomotion biu aie ntitacts produced on the dry- 
ing of 1 cmbolndiite em elope suiiounding the coll He legards this as the 
explanation of much disigi cement ^^hlch ha^ occunvd in the liteiatuie about the 
t}pe of flagellation sho^^n bj an} given species ind insists that smee flagella are 
meie ait if icts then ariangement aiound the cell ot no significance Some time 
ago one of the present authois (Conn, 193S) piopOHcl an entirel} difieient theorj^ 
to account foi the bacteiial species that veie declared pentnchic h^ some stu- 
dents, monotiichic by otheis, namely, that some species are neither const anti} 
pentnchic noi truh monotiichic, but that the^ ^hov ‘degenerate pent ri clue 
flagellation,” some stiains ha\ ing only one flagellum, othei’S tv o or tliree flagella, 
but never a tuft or tv o or three at one pole 

The piesent in\estigation vas undeitaken parti} in the hope that the electron 
microscope vould shed some light on the subject and paidh’’ vith the idea of 
using Pijper’s technique on a diffeient motile organism 

CULTURES SELECTED FOR STUDY 

When the idea of degeneiate pentnchic flagellation v as ad^ anced, it vas indi- 
cated as being especially veil lepiesented by species of the genei^ Agjobaclo nun, 
Rhizobiiim, and Chi omohadenum Accoidingl}’’, foi the piesent election micro- 
scope study repiesentatives of these geneia vere selected as follovs Agrohadc- 
niim lumefacicns (Smith and Tovmsend) Conn (the type species of the genus), 
Agrohadenian radiohader (Beijennck and Van Delden) Conn, Agrobadci lum 
rhizogencs (Rikei d al ) Conn, strains of Rlnzobutm from pea, clo^ei, and alfalfa 
nodules, tv o strains of CIn omobadenuin spp (violet bacteria, Cniess-Callaghan^s 
nos 17 and 19) 

As organisms for use in tiying the Pijper technique, Esdici idna coh and Bacil- 
his cereus v ere selected 

TECHNIQUE FOR PREPARING MOUNTS FOR THE ELECTRON ^MICROSCOPE 

It has been our experience, and that of otheis, that an}- excessn e manipulation 
of bacterial material in prepaiing mounts for the electron micioscope im arnbh 
results in mutilation Therefore, although a fen of t he pictures i epresent cd here 
"ere taken of organisms prepaied in the usual na}- (distilled mter prepaiations 

‘Journal Paper No 717, Nen York State Agricultural Experiment Station, Gene%a, 
New York, July 21, 1947 
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dned on collodion mounted on sciccns), the majority have been the result of a 
shipping teclinique 

■\Villiams and ckoff (1940) and Schaeffer and Harker (1942) ha\e descnbed 
techniques foi the pieparation of tiue replicas for observation in the electron 
microscope Recently Ililhei and Bakei (194G) have descnbed a technique 
V heiem the top layei of organisms from a 3 oung colony v as remo^ ed in place of 
an expected icplica In the couise of this stiKh hundreds of mounts prepared 
b}^ the oidinai 3 ^ method vcrc made In onl} a fcv instances have ve been able 
to obsen^e 01 gam sms vith int ict flagella 

The method emplo} ed in the piesent v oik was as follows The organisms were 
giown on flesh lima bean agai slopes or agar plates for about 16 hours 1 clean 
noicroscope slide was then either touched to the giowih on the plates and a drop 
of distilled water added to the adhering organisms, or a loopful of matenal was 
tiansfened to a diop of distilled water on the slide Bactena and water were 
then allowed to stand for 30 minutes This part of the procedure approaches 
that lecentty described bj Knaj^si cl al (1947) At the end of 30 minutes addi 
tional distilled water, enough to flood the slide, was added The sbde wa:> 
gentl} lotatedafcw times and the w at ei poured off, the slide di’ 3 angm a vertical 
position 

After thoioughb dnmg, the slides were then shadow -casted with gold, about 
8 to 10 \ of gold being deposited on the slide at an angle of 15 degrees 4 solu 
tion of 0 5 pel cent collodion in am^I acetate was allowed to run o^ er the slide, 
and the slides weie again dned in a Acrtical position This collodion film wa^: 
then floated off and mounted on the scicens in the usual fashion 

Although we expected to obtain shadow -casted leplicas, this did not pre^all 
Instead, the oiganisms and gold film were picked up tn ioio bj the collodion 
This did not obMate but lathci enhanced 0111 prepaiations In almost e^en 
instance the oigamsms were obsened with intact flagella E^en the slight 
manipulation employed, howe\ei, lesulted in detaclnng some flagella, wluc 
could be obsen ed in manv fields The pictures utilized lepresent oigamsmst a 
had in most instances no detached flagella in the near Aacinit} 

An RCl tjpe EMC -1 election micioscope was emplo 3 ed 

FLuXGELLuVTIOX OF VGROBXCTERrUW SPECIES 

The fiist woik on flagellation of A iumcfactens (ciowai gall 
with the electron microscope, pait of which has alread 3 ^ been pubhshed 
and Eliod, 194b), seemed to indicate cleail 3 ’^ a single polar flagellum 
1 ) Latei it came to be noticed that the flagellum was not always a 
exaetty at the pole (figuie 1, nos 2, 4, and 5), a ciicumstance 
(Conn, Wolfe, and Fold, 1940) to indicate degeiieiate peritnchic flage 
Prepaiations made at about the same time fiom A ilnzogencs 
loot) and A 7 adiohacto also showed a decided piedominance of ce s ^ 
flagella, iisuall 3 at the pole (figuie 1, nos 3, 6 ) These oiganisms h 
czens have been descnbed, some authoi'S at least, as having p 
flagella 




Fig 1 Electron Micrographs (Gold Sh\do\\'ed) Showing Fi ageli^v 
Nos 1, 2, 4, and 5 Agrohacicriurii iinnefacicns 
3 Agrobactemt77i rhizogenes 
6 Agrobactemnn radtobacfer 

Nos 7 and 8 Cruess-Callaghan's culture no 19, ^'Bacillus riolaccus ” 

No 9 Cruess-Callaghan's culture no 17, ''Bacillus 7»cm?^ranacciz$ amcthifsiicus ” 
No 10 Rhtzohium culture from pea nodule 
11 Rhizohitnji from cloAer nodule 
No 12 Rhtzohtum from alfalfa nodule 



684 


H J CONN AND R P ELROD 


[VOL 54 


As the same situation was found m tlie case of the violet Chromohacienum 
species (figuie 1, nos 7, 8, 9), it vas decided to make a more intensive study of 
ceitain other organisms (the legume nodule bacteria) thought to have the same 
type of flagellation 


FLAGELLATION OF RHIZOBIUM 

The first microgiaphs of Rinzobutm species vere made on single strains of the 
clovei, pea, and alfalfa nodule oiganisms and are shovn in figure 1, nos 10 to 12 
These microgiaphs verc made after numeious fields were examined Ansually and 
aie legarded as entiiel}'' tj^pical of the majonty of orgamsms present Theim 
piession to be gained fiom these pieparations is clcarl 3 " that the clover and alfalfa 
cultuies each have a single polar flagellum, vlicreas the pea organism ma} be 
peiitiichic Nov these species belong to the group of nodule bacteria which are 
geneiall}’' recognized as peiitnchic (the sojdjcan and the cov^pea orgamsms, on 
the other hand, being icgaided as monotncliic) The alfalfa organism, in par 
ticular, has so genciall} been accepted as pentnchic, and so many photomicro- 
giaphs indicating as much ha^e been published, tliat these results seemed to 
call foi fiuthei study 

Accoidinglj'' a collection of 12 stiains of the alfalfa orgaUiSm was obtained from 
Dr A AV Hofei of Gene\ a, Nev York, and the}’' vere studied b}’’ essentially the 
same technique Election miciographs (one of each strain) are shovm in figure 
2 It IS cleail} seen that some cells aie monotncliic, others pentnchic Ineien 
instance t} pical cells v eie selected, after considei able search of each preparation, 
before the miciogiaph vas made In othei vords, some strains seemed to show 
one type of flagellation, otheis the otlicr, that is, there are both monotnchic and 
pentnchic strains of this species 

Apparently, theiefoie, the election microscope bcais out in regard to the u 
zohiiim species the same conclusion that had been dravai from stained prepara 
tions, namel}^, that pentnchic and monotnchic stiains may occur in the^^s 
species, probabl}’' monotnchic and pentnchic cells in the same strain ^ 
ousl 3 % in the case of such oiganisms as this, the tj’pe of flagellation canno 
employed as a cntenon foi species diagnosis This conclusion does not, however, 
invalidate type of flagellation as a diagnostic featuie in the case of tni} 
trichic species (as m the colon-tj phoid gioup) oi definitel}’' lophotnchic o 
(like Pseudomonas fluoi escens) 

Piesent voik with the election micioscope on the other organisms 
above has not included a sufficient numbei of stiains to shov vhether e 
conclusion could be diavm conceining them The piesumption is 
vould be the case If that is true, it seems logical enough to explmn o 
disci epancies on the basis of dcgeneiate pentnchic flagellation 

SIGNIFICANCE OF FI^VGELLATION 

Pijper’s explanation of such disciepancies as due to flagella 
concenied in motihtj^ seems haidei to accept There aie 
against this theorj^ 


being artifacts 
several argumeut 
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SUBMERGED CULTURE m’ESTIGATIONS 

HARRY HmrrELD 

n cstcrn Itcgwjial Research Laboratorv,^ Albany, California 
Recened for publication August 1, 1947 

A small laborator} ferment or which employs mechanical agitation for the dis- 
persion of an introduced undei pressuie has piei lousl} been described by Feustel 
and Humfeld (1946) This fermentor has an operating capacity of 500 to 2,000 
ml and has been found \ ei\ useful for small-scile, ^ east-cultuiing im estigations, 
as well as for studies on the production of subtihn actmtA bj’ BaciUm siiblihs 
(1947) 

Certam hrmtations, however, p^nclpall^ those of capacity" and effectneness 
of foam breaking, ha^ e led to the dei elopment of in improi ed fermentor ha\ang 
a larger capacitj and a more effect n e mechanical loam breaker This fermentor 
also has a stimng de^^ce, which is so designed that an for the aeiation of the 
culture liquid can be drawm in from the atmosphere bj suction created behind the 
stimng blades, as compared with air mt reduced under pressure This paper 
describes the impro\ed fermentor and some of the piehminarj^ results obtamed 

DESCRIPTION OF THE FERMENTOR 

The fermentor \essel consists of a standard pyrex glass jar, 12 inches m di- 
ameter and 24 mches high This jar is fitted with a gasketed, stainless-steel 
cover The stainless-steel agitation-aeration assembh shown m figure 1 is 
suspended from the cover and is inserted in the pvTe\ jar 

Agitation and aeration are accomphshed bj means of a special air-dispersmg 
device, mounted at the lower end of the stirrmg shaft near the bottom of the 
fermentor Two adjustable truncated cones 3" mches m diameter are mounted 
on the shaft above the agitation-aeration device B} mvertmg these cones the 
stimng characteristics may be changed Four metal struts aie attached at 
nght angles to the cov er at equidistant pomts around the peripherv of the cov er, 
approximate!} 1 inch from the edge A metal web fastened to the lowei end of 
these struts furnishes ngidit} and support for the stimng shaft 

The agitation-aeration device consists of a short, central, hollow cvhndcr, to 
which four sets of tubes are fastened These tubes ore bent m the form of arcs it 
nght angles to the C3hnder A small vane is attached to each alternate set of 
tubes This device rotates between two plates The upper plate is attached 
to the supportmg w eb described abov e The low er plate is attached to, and kept 
parallel with, the upper plate by studs The lower plate has a large circular 
hole, through which the culture hqiiid enters An air-intake pipe extends from 
the cov^er to a point directlv below the hollow, central core of the agitation- 

^ Bureau of Agricultural and Industrial Cheniistia , Agricultural Research Administra 
tion, U S Department of Agnculture 
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aeiation device As the turbine device rotates, the suction created behind the 
vanes at the end of tlie tubes dravs air tlirough the air-mtake pipe into the 
central, hollow 03 linder, fiom w Inch it is conducted into the culture liquid h\ the 
ladiating tubes Ihe height of the intake pipe is adjustable at the co\er, so 
that the amount of an dravai in can be regulated The maximum amount of air 
IS diawm in with the loner opening of the intake pipe raised as high as posable 
mthout touclnng the ie\olMng hollow cylinder of the turbine Lowenngthe 
mtake pipe deci eases tlie air flow 



Fig 1 Fermlxtor VssE\tBLi for Lvrge L\bor\tor^ Ferwentor 

The foam-bieaking de\ ice consists essentiall}^ of a disk mounted on th^^ 
just below a laigei fixed cone The disk, about S inches in 
^^ded with an inteiioi bet of ^anes and an exteiioi set of 
of each set aie tinned up and half aie turned down The outer e ge 
extends just be3mnd the mtenor set of vanes The inner set the 

the foam as it nses to the height of the disk, the centrifugal turn 

rotation throws the foam against the inner surface of the cone, ^ 
forces it out onto the uppei surface of the disk, whose outer se 0 
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A small Hborator} ferment oi ^^luch emplo} b mechamcal agitation foi the dis- 
persion of ail introduced undei piessiue has pieMouslj been desciibed b^ Feiistel 
and Humfeld (194G) This feimentoi has an opeiating capacit} of 500 to 2,000 
ml and has been found verj useful foi small-scale, \ east-cultiinng im estigations, 
as well as for studies on the pioduction of subtihn actnitj b}^ Bacillus subtihs 
(1947) 

Certam limitations, howe^e^, principally those of capacity^ and effectiveness 
of foam breaking, ha\ e led to the de^ elopment of an impro^ ed ferment or ha\ang 
a larger capacity and a more effective mechamcal foam bleaker This fermentor 
also has a stirnng deMce, which is so designed that an for the aeration of the 
culture liquid can be diawm in from the atmosphere by suction created behind the 
stirrmg blades, as compaied wath an introduced under piessure This paper 
describes the improi ed fermentor and some of the prehminary results obtained 

DESCRIPTIO^ OF THE FERMENTOR 

The fei mentor vessel consists of a standard pyae\ glass jar, 12 mches in di- 
ametei and 24 inches high This jar is fitted wath a gasketed, stainless-steel 
cover The stamless-steel agitation-aeration assembly showm in figure 1 is 
suspended from the co^er and is inserted in the pyTex jar 

Agitation and aeration are accomplished by^ means of a special air-dispersmg 
de\uce, mounted at the lower end of the sturmg shaft near the bottom of the 
fermentor Two adjustable truncated cones 34 mches in diameter are mounted 
on the shaft above the agitation-aeration device By^ inverting these cones the 
stimng charactenstics may^ be changed Four metal stmts are attached at 
nght angles to the cover at equidistant pomts aiound the periphery of the co\ er, 
approximately^ 1 inch from the edge A metal web fastened to the lower end of 
these stmts furnishes rigidity^ and support for the stnnng shaft 

The agitation-aeration device consists of a short, central, hollow cylinder, to 
w hich four sets of tubes are fastened These tubes are bent m the form of arcs at 
right angles to the cy^hnder A small vane is attached to each alternate set of 
tubes This device rotates between two plates The upper plate is attached 
to the supportmg web described aho\ e The lower plate is attached to, and kept 
parallel wath, the upper plate by^ studs The lower plate has a large circular 
hole, through which the culture liquid enters An au*-mtake pipe exiends from 
the co\er to a point directly below the hollow, central core of the agitation- 

^ Bureau of Agricultural and Industrial Chemistry , Agricultural Research Vdministra 
tion, U S Department of Agriculture 
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Relation device As the turbine device lotates, the suction created behind the 
vanes at the end of the tubes dians an through the air-mtake pipe into the 
central, hollow cyhndei, fiom which it is conducted into the culture liquid bythe 
ladiating tubes The height of the intake pipe is adjustable at the cover, so 
that the amount of an diawm in can be legulated The maximum amount of an 
is diawn in with the lowei opening of tlie intake pipe raised as high as possible 
without touching the levolving holloa cylinder of the turbine Lonenngflie 
mtake pipe deci eases tlie an Row 



Fig 1 FrnMENTOR Assemble Fon Lakge Laboe vTOKi Febmbntor 


The foam-bieaking device consists essentially'^ of a disk mounted on t 
just below a laigei fixed cone The disk, about 8 inches in 
vided mth an inteiioi set of vanes and an extenoi set of vanes, ha o 
of each set aie turned up ind half aie tuined donm The outer edge 
extends just beyond the inteiioi set of vanes The innei set of 
the foam as it rises to the height of the disk, the centiifugal jq fuiH' 


rotation thiows the foam against the mnei suiface of the cone, 
foices it out onto the uppei suiface of the disk, whose outer se o 


di 



operation t o loam is uokeu enectiveiy, ana tne iquia is returnea aown tne 
inside ^^all of the vessel to the cultuie liquid 

The feimentoi is equipped with a set of pH meter electiodes, the leads of which 
pass thiough lemovable vaterpioof tubes to the pH meter, hence, the pH of the 
cultuie m*\y be detei mined at any instant A thermometer inserted through a 
small well prot ides foi the leading of the temperature of the culture at smy time 
The fermentoi is also provided with a sampling tube, by means of which a sample 
may be dravii peiiodically foi analyses The pover for operation of the fermen- 
tor is furnished b}’’ a |-hp ball-bearing, variable-speed, electric motor, mounted 
veiticall}’’ at the centei of the cover and fastened to the stirring shaft by a self- 
aligning coupling 

The entire fermentoi assembl}’' may be taken apart readily for cleanmg and 
replacement and adjustment of parts It ma}’' be assembled vnthout the motor 
foi sterilization The operating capacitj^ of the fermentor ranges from 10 to 18 
liters of culture medium - 

OPERATION OF THE FERMENTOR 

The fennentor has been found suitable for the submerged culturing of aerobic 
microorganisms It has been employed in the propagation of yeast, in which 
case sterilization of the media and of the equipment is not essential, as well as for 
the production of antibiotics For the latter purpose the equipment and the 
culture medium aie sterilized, smee the mamtenance of pure culture is usually 
essential Except foi the details of sterilization and care necessary for keepmg 
the culture free of contamination, the technique of operation in all cases is essen- 
tially identical The air drawn in is sterihzed by passage through a previously 
sterilized tube loosely packed with glass wool 

The inoculated medium is transfeired to the fermentor, the motor is placed in 
position on the cover, and the motor shaft and stirier shaft are connected by 
means of the self -aligning coupling The motoi is started and the amount of air 
dra^vn in is regulated by adjustmg the height of the air-mlet pipe by means of 
the adjustmg screw on the fermentor cover The air flow also may be controlled 
by adjusting the speed of the motoi, which, of course, simultaneously changes 
the rate of stirring Foi most operations a ratio of one volume of air per minute 
per volume of culture medium is satisfactory By reducing the distance betv een 
the lower tip of the inlet tube and the hollow bore of the agitation-aeration umt, 
volumes of air as high as two and one-half times the volume of the culture me- 
dium may be drawn in per minute As the volume of groirth in the medium 
mcreases during the fermentation, the viscosity of the culture suspension gradu- 
ally increases, hence, if it is desired to maintain a uniform rate of air flow, it is 
necessary to readjust the distance between the core and the inlet pipe A record 
of the pH of the medium and its temperature is kept, and if it is desired to control 
the pH, a suitable amount of base or acid solution is added as may be required 

* Detailed engineering drawings for the construction of similar units maj be obtained 
from the Western Regional Research Laboratory, Albany , California 


692 


HARR> HUiMFRT.n 


fvOL .tI 


Since the feimentation usually generates considerable heat, it has been found 
desiiable to place the feimentoi in a suitable ^^atel bath and to hold the water in 
the bath at such a tempeiature as Mill maintain that desired in thefennentor 
means of the sampling tube samples are MifchdraMTi periodically for determi 
nations of cell volume, nutiient concentiations and, in the case of the production 
of antibiotics, for the bioa^say purposes Tlie fermentoi in operation is shown 
m figure 2 



Fig 2 Large Laboratory ^ERY^E^TOR for Submerged Culture 
Investig YTioNS Operation 

FER^IE^TATIO^S 

Yeast 'production An example of the use of the fermentor for 
tion is piesented heie The j^’east used m this urn Yvas Toi idopsisii. i is 
Y-900) The medium Mas made from pear jiiicc concentrate fiom 
waste One litei of the concentiate, vdiich contamed 26 per 
diluted imtiall}^ Math 12 hteis of m atei The mineral salts require ^ 

of 85 per cent phosphoiic acid, 3 6 giams of potassium sulfate, an 

magnesium sulfate — Mere added from the 

The inoculum M^as prepared by tiansferiing a 10-ml suspension 
of a stock culture slant to the surface of a shalloM^ layer of M^orf gro^db on 
bach flasks The flasks M^eie incubated foi 24 hours at 30 
the agar M^as suspended in a smaU amount of the peai juice me lu^^^ operated at 
rest of the medium, tiansferied to the feimentoi The motor m 



j a^>\ai>ac ^ O »Jnng tlie pt tO 
64, nnd fiom time to time, as the pH chopped, more ammonia was added 
Aftei the sugii in the pen juice medium at the start of the fermentation had 
been utilized, additional full-stiength concentiate i\as added from time to time 
The details of opeiatioii and the yield of yeast obtained aie given in table 1 
Pioduciton of anltbiohcs The feasibility of using the fermentoi foi the pro- 
duction of antibiotics nas tested mth a culture of B suhhlis The volume of 
cells and the siibtilin activity pioduced neie measured in samples taken penodi- 
cally duiing the feimentation nin The fermentoi was assembled and sterilized 

TABLEjl 


Results of a yeast 'proyagalton experiment 


TOIE 

pH 

YEAST 

\OLUJlE 

VOLUME IN 
FERMENTOR 

PEVR JUICE 
CONCENTRATE 
ADDED 

CO\C 1 

ADDED 1 

AIR 

WEIGHT OF 
YEAST PRODUCED 

(dry basis) 

hr 


% 

ItUrs 

Itlers 

ml 

litcrs/min ^ 

S 




12 HsO 

1 c ! 

27 

j 


0 

6 4 


13 

— 

— 

16 5 

2 9 

4 

6 2 

WaM 

13 


— 

16 5 

14 3 

6 

5 0 

1 00 

13 


— 

16 5 

28 6 

74 

3 3 

3 00 

13 

— 

30 

16 5 

94 4 

9 

5 1 

5 8 

13 

— 

35 

16 5 

166 

94 

4 2 

6 5 

13 

— 

— 

16 5 

I 186 

10| 

3 5 

7 5 

14 

1 1 

55 

13 5 

1 231 

114 

3 9 

10 5 

14 


40 

13 5 

323 

124 

3 6 

11 2 

15 

1 

50 

1 11 5 

1 370 

134 

5 2 

13 0 

15 

' — 

25 

11 5 

429 


Total sugar supplied 

780 g 

Dry yeast produced 

429 g 

Yield of yeast (based on sugar supplied) 

55% 

Increase of yeast over inoculum 

148X 

Average generation time 

112 min 

Number of generations 

7 23 


m the autoclave for 1 hour at 15 pounds’ steam pressure The procedure aaas 
identical aauth that described by Stubbs et al (1947) for the production of subtilm 
in small fermentors The medium was made by dilutmg 1,400 grams of an as- 
paragus juice concentrate (70 per cent total solids) to 14 liters This medium 
Vi as distributed in 3 5-hter portions in 4-hter bottles and sterilized for 30 minutes 
at 100 C in the autoclave When cool the reaction of the medium uas adjusted 
aseptically from about pH 5 5 to pH 7 by addition of the required amount of 10 
N NaOH, then transferred aseptically to the fermentor, and the moculum added 
The inoculum n as made bj'^ suspending the groirth from an agar slant in a small 
amount of medium and adding this suspension to 500-ml portions of the aspara- 
gus juice medium in each of two Ternbach flasks These flasks Mere incubated 
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for 24 hours at 35 C, then the contents were transferred to a stenie Waring 
“blendor/’ and the bactenal pellicle was thoroughly broken up and suspended 
m the medium This suspension was added to the sterile medium in the 
fermentor 

The mitial motor speed was 1,300 rpm, and the aeration was 14 liters of air 
per minute As the bactenal cells m the medium multiplied, the medium 
came more viscous and had a tendency to decrease the rate of aeration The 
rpm were gradually incieased until 1,600 rpm were attained, thus the rate of 
aeration was kept uniform The pH at the start was 6 9 and gradually dropped 



Fermentation Time in Hours 

Fig 3 Gro\\ th op Bacillus subtilis and Subtilin Production 

to 6 15 in 5 hours, after which it gradually increased to 7 45 at 8 
maximum cell volume had been obtained The culture medium was na 


after 8| hours’ incubation at 35 C , 

The bioassay for subtihn activity was made according to the met o 
by Lewis et al (1947) The volume of the centnfuged cells 
centage of the cultuie medium and the subtihn activity calculated as 


of subtihn per liter are shown m figure 3 


DISCUSSION 


The evidence presented indicates that this type of feimentor is 
yeast production The size is intermediate between that of the sm. 


well suit 




inside A\all ot the vessel to the culture liquid 

The feimentoi is equipped vitli a set of pH meter electrodes, the leads of which 
pass thiough lemovable waterpioof tubes to the pH meter, hence, the pH of the 
culture may be deteimined at anj^ instant A thermometer inserted through a 
small well piovides foi the reading of the temperature of the culture at any time 
The ferment 01 is also provided with a sampling tube, by means of which a sample 
may be diawm peiiodically for analyses The power for operation of the fermen- 
ter IS furnished b}’' a |^-hp ball-bearing, variable-speed, electric motor, mounted 
verticallj’’ at the center of the cover and fastened to the stirrmg shaft by a self- 
aligning coupling 

The entire fermentoi assembly’' may be taken apart readily for cleanmg and 
replacement and adjustment of parts It may be assembled wathout the motor 
for stenlization The operating capacity of the fermentor ranges from 10 to 18 
liters of culture medium ^ 

OPERATION OF THE FERMENTOR 

The fermentor has been found suitable for the submerged cultuiing of aerobic 
micioorgamsms It has been employed in the propagation of yeast, m which 
case sterilization of the media and of the equipment is not essential, as well as for 
the production of antibiotics For the latter purpose the equipment and the 
culture medium aie sterilized, since the maintenance of pure culture is usually 
essential Except foi the details of sterilization and care necessary for keeping 
the culture free of contamination, the technique of operation in all cases is essen- 
tially identical The air drawm in is sterilized by passage through a previously 
sterilized tube loosely packed ^vlth glass wool 

The inoculated medium is transferred to the fermentor, the motor is placed m 
position on the cover, and the motor shaft and stirrer shaft are connected by 
means of the self -aligning coupling The motor is started and the amount of air 
drawn in is regulated by adjusting the height of the air-inlet pipe by means of 
the adjusting screw on the fermentoi cover The air flow also may be controlled 
by adjusting the speed of the motor, which, of course, simultaneously changes 
the rate of stirnng For most operations a ratio of one volume of air per minute 
per volume of culture medium is satisfactory By reducing the distance between 
the lower tip of the inlet tube and the hollow bore of the agitation-aeration unit, 
volumes of air as high as two and one-half times the volume of the culture me- 
dium may be drawn in per minute As the volume of growth m the medium 
increases during the feimentation, the viscosity of the culture suspension gradu- 
ally increases, hence, if it is desired to maintain a uniform rate of air flow’’, it is 
necessary to readjust the distance betw-een the core and the inlet pipe A record 
of the pH of the medium and its temperature is kept, and if it is desired to control 
the pH, a suitable amount of base or acid solution is added as may be required 

* Detailed engineering drawings for the construction of similar units maj be obtained 
from the Western Regional Research Laboratory, Albany, California 
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Since the fermentation usually generates considerable heat, it has been/ouod 
desirable to place the fermentor in a suitable ater bath and to hold the naterin 
the bath at such a tempeiature as mil maintain that desired in thefemeator 
means of the sampling tube samples are ^Mthdra™ penodicall}^ for detenni 
nations of cell ^ olume, nutrient concentrations, and, in the case of the production 

of antibiotics, for the bioas.ay purposes The fermentor in operation is sbomi 
m ngure 2 



Tig 2 Large Labor vtori FER^^E^TOR for Submerged Cultube 
I\\XST lGATIO\S IN OPERATION 


FER.MENTATION S 

1 east 'production An example of the use of the fermentor for 3 east 
tion IS pzesented here The 3 east used in this run ^^as Toridopsisidih^ 

\ -900) The medium as made from pear juice concentrate from canaeO 
waste One liter of the concentiate, 'nliich contained 26 per cent 
diluted initially vnth 12 hters of atei The mineral salts required— ^ ^ ^ 
of 85 per cent phosphoric acid, 3 6 grams of potassium sulfate, and 1 0 
magnesium sulfat^\^ ere added 

The inoculum was prepaied by transfernng a 10 -ml suspension from 
of a stock culture slant to the surface of a shallow layer of wort agar m tw"" 
bach flasks The flasks were incubated foi 24 hours at 30 C 
the agar wms suspended m a small amount of the pear juice medium and, 
rest of the medium, tiansferred to the fermentor The motor was ope 



6 4, *\nd fiom time to time, as the pH chopped, more ammonia was added 
After the sugar in the pear juice medium at the start of the fermentation had 
been utilized, additional fulhstiength concentrate ^^as added from time to time 
The details of opeiation and the yield of 3 east obtained are given in table 1 
Production of antibiotics The feasibilit}^ of using the fermentor for the pro- 
duction of antibiotics was tested with a culture ot B subfihs The \ nlnniP of 
cells and the subtihn activit}’' pioduced veie measured m samples taken penodi- 
call}^ duiing the fermentation nm The fermentor was assembled and stenhzed 

TABLEjl 


Results of a yeast -propagation ezpenineni 


1 

TDn: 

1 

pH 

YE\ST 

\OI,UiIE 

\OLUirE IN 
rEIOIENTOR 

TZAR JUICE 
CONCXNTRATE 
ADDED 

CONC 

NHiOH 

ADDED 

AIR 

'WEIGHT OF 
YE.\ST PBODUCXD 

(dry basis) 

hr 


To 

hters 

liters 1 

ml 1 

httrsfmin 

Z 




12 H 2 O 

1 

1 

27 



0 

6 4 

0 10 

13 


— 

16 5 

2 9 

4 

6 2 

0 50 

13 

— 

— 

16 5 

14 3 

6 

5 0 

1 00 

13 

— 

— 

16 5 

28 6 

71 

3 3 

3 00 

13 

— 

30 

16 5 

1 94 4 

9 

5 1 

5 8 

13 

— 

35 

16 5 

166 


4 2 

6 5 

13 

— 

— 

16 5 

186 

10| 

3 5 

7 5 

14 

1 

55 

13 5 

231 

IH 

3 9 

10 5 

14 

— 

40 

13 5 

323 

12J 

3 6 

11 2 

15 

! 1 

50 

11 5 

' 370 

131 

5 2 

13 0 

15 

1 

— 

25 

11 5 

429 


Total sugar supplied 

780 g 

Dry yeast produced 

429 g 

Yield of j east (based on sugar supplied) 

55% 

Increase of yeast over inoculum 

148X 

Average generation time 

112 min 

ISfumber of generations 

7 23 


in the autoclave for 1 hour at 15 pounds’ steam pressure The procedure r\as 
identical with that described by Stubbs et al (1947) for the pioduction of subtilin 
in small fermenters The medium was made b}^ dilutmg 1,400 grams of an as- 
paragus juice concentiate (70 per cent total solids) to 14 liters This medium 
vas distributed m 3 5-hter poitions in 4-hter bottles and sterilized for 30 minutes 
at 100 C in the autoclave When cool the reaction of the medium v as adjusted 
aseptically from about pH 5 5 to pH 7 by addition of the required amount of 10 
^ NaOH, then transferred aseptically to the fermentor, and the inoculum added 
The inoculum was made b3^ suspending the gro^\'th from an agar slant in a small 
amount of medium and addmg this suspension to 500-ml portions of the aspara- 
gus juice medium in each of tvo Fernbach flasks The'^e fla'^ks uere incubated 
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for 24 hours at 35 C, then the contents \^ere transferred to a sterile Warme 
“blendor/* and the bactenal pellicle was thorough]}" broken up and suspended 
m the medium This suspension 'was added to the sterile medium m the 
fermentor 

The mitial motor speed was 1,300 rpm, and the aeration was 14 litercs of air 
per minute As the bactenal cells m the medium multiphed, the medium b^ 
came more 'vuscous and had a tendency to decrease the rate of aeration The 
rpm Mere gradually increased until 1,600 rpm 'were attained, thus the rate of 
aeration was kept uniform The pH at the start 'was 6 9 and gradually dropped 



Fermentation Time in Hours 

Fig 3 Growth of Bacillus sxtbtilis A^D Subtili>i 

to 6 15 m 5 hours, after 'w Inch it gradually increased to 7 45 at 8 houn>, 
maximum cell volume had been obtained The culture medium was ar\ 

after 84 hours’ incubation at 35 C , descnhe^* 

The bioassay foi subtilin actmty v as made accordmg to the met o ^ ^ 
by Le'was et al (1947) The volume of the centrifuged cells 
centage of the culture medium and the subtilin acti\"it3" calculated asm 
of subtilin per liter are showm in figure 3 


DISCUSSION 

The e'vndence presented indicates that this t}"pe of fermentor is 
yeast production The size is intermediate bet'w een that of the s 




CHARACTERISTICS OF LEUCONOSTOC MESENTEROIDE3 
FROM CANE JUICE 

C S McCLESKEY, L W FAVILLE, and REX 0 BARNETT 
Z/Ouisiana Siato Unwcrsiiy^ Baton Rouge, Louisiana 

Rcccu ed for publication August 6, 1947 

The bactena which produce gum or slime m sugar solutions are present in large 
numbers in the sugar-cane juice of sugar factones and not infrequently cause 
trouble m the factory processes These organisms, together with other related 
forms producing levo-rotatory lactic acid, relatively large amounts of volatile 
acid, carbon dioMde, and ethyl alcohol from glucose, have been allocated to the 
genus Leuconostoc Van Tieghem by Hucker and Pederson (1930) The species 
commonly encountered m cane juice is Leiiconostoc mesenierotdes accordmg to the 
charactenzation of that species by Hucker and Pederson that was adopted by 
Bergey et al (1939) 

Since this species is known to be rather heterogeneous, both serologically 
(Hucker, 1932) and biochemically (Hucker and Pederson, 1930), and since this 
organism has been suggested as a possibility for use in the biological assay of 
certain amino acids (Dunn et al , 1944, Horn, Jones, and Blum, 1947) and vita- 
mins (Gaines and Stahly, 1943), an investigation of the diversity of strains m 
this species is desirable This report is limited to a study of strains isolated from 
cane juice at the Experimental Sugar Factory of the Louisiana State University 

The older literature pertaining to the organisms of this group has been ade- 
quately reviewed by Hucker and Pederson (1930) m their classical work, which 
demonstrated the essential similarity of variously named cultures isolated from 
vegetable products, dairy products, and sugar solutions hlore recen% Niven, 
Smiley, and Sherman (1941) have pointed out that Streptococcus sahvaniis pro- 
duces a considerable amount of slime from sucrose, m this way resembling 
Lcxiconostoc Also Niven, Kiziuta, and V hite (1946), Vhite and Niven (1946), 
and Niven and White (1946) observed that many isolates from cases of subacute 
bacterial endocarditis produced gum in liquid sucrose media, a chaiactenstic 
suggestive of the Lcuconostoc group The serological relationship of the Leu- 
conosloe pol 3 rsacchande to that of the type II pneumococcus has been studied 
by Neill and coworkers (1941) 

In this study isolations of Lcuconostoc strains were made from sugar-house 
cane juice plated on a medium of the folloiMng composition 


Difco tryptone S 

Difco yeast e'^tract ^ ^ 

Raw sugar 6 

Bifco agar ^ 

Bistiiled water 1,000 ml 


pH 6 7 Sterilized 15 minutes at 121 C 
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Most of the strains included in this study were isolated from cane juice which had 
been frozen and stored several months at about — 18 C The same general 
types were found also in the fresh juice, but possibly not m the same relative fit 
quency Care was exercised that all the different colony types of gum formers 
were isolated for study, and 740 cultures were obtamed 
It was noted that there were four distmct types of gum-forming colonies, and 
the pnmary groupmg of isolates was based on colonial charactenstics Thea 
types differed m size, elevation, topography, and optical characters, and were 
designated A, B, D, and F by Faville (1947) Descriptions of these colonies on 

TABLE 1 


Morphological and colonial characteristics of gum-forming organisras 


MOXPHOLOCICAI- 
CHARACTEElSnCS (2% 


COLOVY TYPES 


KAW SUGAE broth) 

A 

B 

D 

F 

Shape 

OvaljSphencal 

Oval, Spherical 

Oval,sphencal 

OvaljBphencal 

Size 

0 5-0 7 by 0 7- 

0 7-0 9 by 0 7- 

0 5-0 7 by 0 7- 

0&-07b707- 


10/x 

12 m 

lOp 

lOp 

Grouping ^ 

Occur in large 

Occur in pairs 

Occur in pairs 

Occur in pauB 


clusters and 

and occasional 

and occasional 

and occasional 


pairs, few 

chains of 4-6 

chains of 4-6 

long chains of 


chains 

cells 

cells 

20-30 cells 

COtONTAL character 
ISTICS ( 2 % RAW 
SUGAR agar) 





Form 

Circular 

Circular 

Circular 

Circular 

Elevation 

Convex 

Corneal 

Hemisphencal 

Hemisphencal 

Height of colony 

1 mm or less 

3-4 mm 

4-8 mm 

3-4 mm 

Diameter of col- 





ony 

3-4 TTim 

4-6 mm 

8-12 mm 

4-6 mm 

Surface 

Smooth 

Rugose 

Smooth 

Smooth 

Margin 

Entire 

1 Entire 

Entire 

Entire 

Density 

Semitranspar- 

ent 

1 

Opaque 

Transparent 

Opaque 


10 per cent raw sugar are presented in table 1 Photographs of these types 
shown on figures 1 and 2 ^ ro* 

The composition of the medium and temperature of incubation 
nounced effect on the colonial appearance of these cultures Incubation a 
to 25 C on 10 per cent sucrose or raw sugar agar was most satisfactory for 
group differences When grown at 37 C colomes of all types were sm ^ 
there was much less evidence of gum formation Colonies of tjrpes 
showed httle resemblance to those of the same t 3 ^e grown at 20 ^ 

lower temperature both A and D colomes “dnpped^^ down onto the h o 
verted petn dish, whereas at 37 C the colomes were small, opaque, an 
flat The colomes were most characteristic after mcubation for 3 to 
room temperature Most strains of the A and D types produced co oci 
were so clear that pnnt could be read through them 
















TABLE 2 

Pcrmcniatton rcacixom 


COLONIAL TYPES AND PEtCENTACE OF STRAINS FERMENTINC 
TEST SUBSTA^CES 


A(18 strains) 

B(23 strains) 

I)(U2 strains) 

F(1S strains) 

100 

100 

97* 

100 

100 

100 

45 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100* 


100 

100 

40 


100 

100 

100 


100 

100 

71 

100* 

100 

100 

46 

0 

100 

100 

80 

33 

0 

4 

32 

0 

100* 

100* 

40 

0 

0 

4 

50* 

0 

0 

4 

50* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

100 

100 

94 

100 

100 

100 

72 

100 

100 

96 

51 

20 

0 

0 

0 

0 

0 

0 

0 

0 

100* 

80* 

10* 

100* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 


n by some or all strains 

selected for more detailed study All isolates 
/ere alike m the following characters 

j 

hmethylanihne monohydrochlondo test) 


aod) negative (5 days) 
y nutnent agar or broth 

ate, and citrate not utilized as sole carbon source 
‘‘layed acid formation, few strains produced coagula* 

of 4 per cent but not m 6 per cent NaCI 
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Immediately aftei isolation all stiains were tested for ability to ferment su 
crose, lactose, xylose, and aiabinose At that time a considerable number of D 



Fig 4 Upper left Stiain 730, A type Upper right Strain 158, ^ 

Strain 835, D type Lowe) right Strain 714, F type Colonies on sl^ep e 

01% added glucose, incubated at room temperature for 7 ^ was m 

central portion of the colonies shows in the figures The zone oi nem } 
cases less than half the diameter of the colony 

strains failed to ferment sucrose and lactose, but when tested some 
these strains were found to produce a delayed fermentation buc 




TABLE 2 

Fermentation reactions 


61711 ST KATX 

COLONMI, TVPES AND PEBCENTAGE OF STSAINS 
test site STANCES 

EERMENTINC 

A(18 strains) 

B(23 strains) 

I)(112 strains) 

F(15 strains) 

Xylose 

100 

100 

97* 

100 

Arabinosc 

100 

100 

45 

100 

Glucose 

100 

100 

100 


Fructose 

100 

100 

100 


Galactose 

100 

100 

100 


Mannose 

100 

100 

100 


Sucrose 

100 

100 

100* 


Trehalose 

100 

100 

40 


Maltose 

100 

100 

100 


Lactose 

100 

100 

71 

100* 

Melibiosc 

100 

100 

46 

0 

Cellobiose 

100 

100 

80 

33 

Melezitose 

0 

4 

32 

0 

Raffinose 

100* 

100* 

40 

0 

Starch 

0 

4 

50* 

0 

Dextrin 

0 

4 

' SO* 

0 

Glycogen 

0 

0 

' 0 

0 

Xylan 

0 

0 

0 

0 

Inulin 

0 

0 

0 

0 

Esculm 

100 

100 

94 

100 

Salicin 

100 

100 

72 

100 

Amygdalin 

100 

96 

51 

20 

Glycerol 

0 

0 

0 

0 

Sorbitol 

0 

0 

0 

0 

Mannitol 

100* 

80* 

10* 

100* 

Dulcitol 

0 

0 

0 

0 

Inositol 

0 

0 

0 

0 

Eiythntol 

0 

0 

0 

0 


* Indicates delayed fermentation by some or all strains 


Of the 740 isolates, 168 were selected for more detailed study All isolates 
were gram-positive cocci, and were alike m the following characters 

Catalase negative 

Oxidase negative (para-aminodimethylamline monobydrochloridc test) 

Methylene blue reduced 
Indole not produced 
Nitrates not reduced 

Voges-Proskauer (Barrett's method) negative (5 days) 

No perceptible growth in ordinary nutrient agar or broth 

Acetate, lactate, tartrate, succinate, and citrate not utilized as sole carbon source 
Litmus milk unchanged or long-delayed acid formation, few strains produced coagula- 

tion even after 2S days . 

Most Btrains grew in the presence of 4 per cent but not in 6 per cent NaCI 
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but no member of the D type produced so much as 10 per cent gas, whereas the 
maximum for the A, B, and F types (under seal) was 50, 70, and 95 per cent, 
respectively The F strains were by far the most active gas formers in sucrose 
media 

The cultivation of the isolates at low pH and at a high temperature revealed 
further differences among the types (table 6) At pH 4 1 all isolates grew, but 
at pH 3 75 none of the A strains and only 2 of the D strams initiated growth 
At pH 8 5 about half the B strains failed to grow, but practically all isolates of 
the other types grew When incubated at 8 to 10 C all strains grew, but most of 


TABLE 5 

Gas production hy Lcuconosioc mesenteroides 




PEECEVTAGE OP STRAINS PROJtJCXNC VISI3LE EVLDSNCE OP CAS 

AVEIACE 

voLtms or 
CAS (%)• 

TYPE 

BTRAHiS 

Durham fer tubes 

15% ucrose 

5% sucrose 



1 % sucrose 

10% sucrose 

no seal 

para&n seal 


A 

18 

0 

83 4 

0 

100 


B 

29 

3 4 

69 0 

67 

100 

mSm 

D 

38 

0 

0 

0 

97 4 


F 

14 

0 

100 

100 

100 

B 


* Results obtained from tubes mth paraflSn seal 


TABLE 6 


Limiting temperature and pH for growth of Le iconostoc mesenleroxdcz 


TYPE 

STRAINS 

PERCENTAGE OF STRAINS CROWING AT 

TESTED 

pH 3 75 

pH 4 1 

pH S 5 

S-IO c 

37 C 

44C 

A 

18 

0 

100 

94 4 

100 

100 

50 

0 

74 

n 

B 

30 

37 5 

100 

53 1 

100 

100 

D 

40 

5 

100 

97 5 

CO 

o 

* 

100 

F 

16 

86 6 

100 

100 

100 

100 

u 


All readings were made after incubation for 3 days 
* All strains were growing after 9 days 


the D isolates developed very slowly and did not show evidence of growt 
3 days At 44 C (air temperature) B and F strains were inhibited, but 
the A and D strains grew When tested at 45 C in a water bath, none o 
A isolates and only 4 of the D strains grew he 

The final acidity developed in 15 per cent suciose broth was found o 
est at room temperature (25 to 30 C) in all groups (table 7) This temp ^ 
was found to be very favorable for gum production also (table 4), of 

parent that high acid formation is not always accompanied by the ^ 
large amounts of gum Greater viscosity in every instance occurre n 
with relatively low acidity rather than at 37 C with high acidity 
Isolates of type D were found to vary quite ^vldely in final acidities p 

















more Heterogeneous than the other groups 
On sheep’s blood agar containing 0 1 per cent added glucose the different groups 
could not be clearly distinguished The colomes of types A, B, D, and F were 
0 7 to 2 0 mm m diameter, slightly raised, and gray in color Colonies of the F 
type were generally somewhat smallei than those of the other types After 2 to 
7 days all A, B, and D strains produced distmct hemolysis, whereas some of the 
strams of type F produced slight or no hemolysis (figure 4) 

SUMMARY 

Leuconosloc mesenieroides isolates from cane juice were found to consist chiefly 
of four relatively distinct colonial types when grown on 10 per cent raw sugar 
agar at 20 to 28 C These types were found to differ also in certain fermentation 
reactions, in amount of gum, gas, and acid produced, and in the temperature and 
pH requirements for growth 


TABLE 7 


The effect of temperature on the final pH in 15 per cent sucrose broth 


TYPE 

SntAlNS 

TESTED 

16 DAYS 8-10 C 

16 DAYS 25-30 C 

10 DAYS 37 C 

8 DAYS 44 C 

Low 









Low 

High 

Avg 

A 

18 


4 35 

4 25 

3 61 

3 78 

3 70 

3 70 

3 89 

3 80 

5 25 

6 2 

5 58 

B 

28 

4 0 

4 68 

4 27 

3 60 

3 82 

3 68 

3 75 

4 02 

3 89 

no growth 

D 

38 

4 14 

5 45 

4 77 

3 97 

4 25 

4 12 

3 95 

4 70 

4 15 

4 4 

5 8 

4 87 

F 

14 

4 0 

4 30 


3 86 

1 

3 95 

3 90 

3 80 


3 90 

no growth 
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in the water bath The contents of the tubes were then nii\ed, placed m the 
refngerator, and observed the next day All sera were controlled by teatmg 
with the homologous antigen and with a saline control 
In table 1 are presented the results of the precipitm tests using a total of 29 
extracts Of type A two extracts were tested against four sera, two were pre- 
cipitated by 730(A) serum and none by sera 11(D), 548(D), and SG0(F) live 
type B extracts were tested of which 2 gave positive reactions mih serum 730(A), 

1 with serum 11(D), 2 with serum 548(D), and none with serum 860(r) In the 
D tj^ie 16 extracts were used, of which none was precipitated by serum 730, 

2 by serum 11(D), 2 by serum o48(D), and none by serum 860(F) IntheFt}’pe 

TABLE 1 


The precipitin test applied to thi different aiton of Leuconostoc mesenlcTOidss strains 


TYPE 

STRAINS TESTED 

1 PER CENT POSimX PRECIPITATION REACtlOVS 

7o0(A) 

n(D) 

I 

54S(D) j 

860(F) 

A 

2 

50 

0 

0 

0 

B 

5 

40 

20 

40 

0 

D 

16 

0 

12 5 

12 5 

0 

F 

6 

16 6 

16 6 

16 6 

33 3 

1 _ 


TABLE 2 


Agglutination reactions in the Leuconostoc mcscnfcrotdcs group 


T\PE 

STRAINS TESTED 


PER CENT POSITIVE REACTIOVS WITH ANTlSERUlt 


7 OCA) 

158CB) 

11(D) 

1060(D) 

545CD) 

850(F) 

A 

IS 

100* 

0 

0 

0 

0 

55 

0 

2o 

941 

B 

30 

0 

6 6 

0 

0 

0 

D 

50 

22 

10 5t 

2S 

54 

34 

F 

17 

11 S 

23t 

5 9 

0 

1 ^ 


* Percentages are based on agglutination at 1 100 dilution 
t Thirty -eight strains tested 
t Thirteen strains tested 


we used 6 extracts, of which 2 were precipitated b}’’ serum 860(F) an 7 
of the other sera (the same extract in each case) dilutions 

For the agglutmation tests the same sera were used Four 'pie 

were employed — 1 50, 1 100, 1 200 or 1 400, and 1 600 or 1 ) 
highest dilution emplo3’'ed was in each case the titer for the homologous o 
The tests were conducted in 0 5 per cent saline to reduce the liheh oo 
taneous agglutination The antigens were 24- to 48-hour tryptone glue - 
extract broth cultures 

Table 2 shows the results obtained in the 1 100 dilution or bg 
there was cross agglutination between the foui t 3 T 6 S, there ^^as ^ 

that certam t 3 T)es constitute reasonabb^' distinct serological groups 













serum ol tuct type agglutinated only one culture in addition to the homologous 
orgamsm 

The results obtained in agglutinin absorption tests further confirm the serologi- 
cal homogeneity of the type A strains (table 3) Absorption with the F type 

TABLE 3 


Agglutinin absorption tests with antiserum 7S0 {type A) 


ANTIGENS 

UN ABSORBED 

absorbed with 106S(D) 

ABSORBED WITH 864(F) 

Type A 18 strains 

400* 

400 

400 

TypeD 1,068 

200 

0 

100 

1,061 

100 

0 

100 

1,063 

200 

0 

0 

1,064 

400 

0 

100 

1,067 

200 

0 

100 

956 

200 

200 

200 

1,065 

1 400 

' 0 

1 100 

TypeF 860 

1 100 

0 

' 0 

861 

50 

0 

0 

864 

50 

0 

0 

1,010 

400 

100 

0 


0 Indicates no agglutination 

* Numbers indicate highest dilution of serum causing agglutination 


TABLE 4 


Absorption tests with antiserum 1B8 {type B) 


TYPE 

CULTURE NUMBER 

158 B NOT ABSORBED 

158 B ABSORBED WITH 1064(D) 

1 

B 

i 

164 

400 

200 


158 


400 

D 

1,061 

400 

400 


1,064 

400 

100 


1,067 

400 

400 


1,068 

400 

200 

F 

' 1,010 

' 100 

100 


' 1,011 

100 

' 100 


' 1,012 

100 

! 100 


stram failed to remove the agglutinins for the A type but effectively removed the 
agglutimns for all the F types and partially removed those for the D type as 
well S imil arly absorption ^vlth the D type strain removed none of the A ag- 
glutinms but removed the agglutinins for most of the D and F types Absorp- 
tion tests with the anti-B serum usmg a D stram resulted m lowered titer for a 
B stram and a D strain, with no effect on the homologous B stram and the F 
strams (table 4) Likewise absorption of the anti-F serum mth a D antigen had 
httle effect on the titer for either A, D, or F strains (table 5) 
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For the isolation of the different bactenophages, “mud”froinlheL S U sugar 
house was diluted in about an equal portion of water and allowed to settle for 
2 days The supernatant fluid was first filtered through paper and then througii 
a Pasteur-Chamberland filter The filtrate obtained was inoculated into a 
senes of tubes seeded with the different stiains of L mtsenlemdes Each tube 
containing tryptone glucose yeast e\'traet broth was seeded with 1 loopful of one 
of the strains and inoculated wnth 1 ml of the filtrate A control tube without 
the filtrate was inoculated with each organism The tubes were observed after 

TABLE 5 


Agglutinin absorption tests with antiserum SBO (Igpe F) 


AJfTJCSSS 

AimSEBUM S60F 

Not absorbed 

Absorbed with 956(D) 

Type A 153 

50 

50 

732 

100 

60 

1,021 

60 

60 

1,022 

50 

60 

1,024 

50 

60 

Type D 1,067 

100 

0 

835 

200 

200 

910 

200 

200 

956 

400 

0 

320 

200 

200 

TypeF 1,010 1 

400 

400 

1,011 1 

200 

200 

1,012 1 

100 

I 200 

860 1 

400 

400 

861 

100 

200 

862 

400 

400 

864 

200 

200 

866 

200 

200 

867 

200 

200 

S68 

50 


70S 

100 


711 

100 


714 

50 



1 and 2 days for lysis, and those which showed no growdh of the org 
reinoculated with a growing, young culture If no growth oecurre j e 
phage suspension was filtered through a Pasteur-Chamberland fflter 
several repetitions of this procedure, the filtrate was used for the tests 

Considerable difficulty was experienced in isolating the d 

only 5 were obtamed Each bactenophage was tested for the 
plaques with the homologous orgamsm and then tested 
available The bacteriophages obtained were for the strains 
and 706 (B type), and 200 and 209 (D type) No bactenophage 
for any organism of the F type . gpgt 

The lytic actmty of the bactenophages was determinea y 




surlace by means ot a glass rod, and the plates were again allowed to dry for 4 
hours Inoculation Mith phage was effected by depositing a loopful of active 
filtrate on a certain spot on the plate All the bacteriophages were tested on the 
same plate 

The results of this expenment are presented in table 6 It is apparent that 
each phage tested exhibited type specificity to a considerable degree Of 105 
strains only two were lysed by phages from outside the type A high degree of 
strain specificity was noted, however, particularly in the D type 


TABLE 6 

Susceptibility of Leuconostoc mcsenieroxdes to bacteriophages 


TYPE 

STSAms TESTED 

PEE CENT POSITIVE KEACnONS WITH PHAGE 

730(A) 

700(B) : 

706(B) 

200P) 

209(D) 

A 

18 

50 

0 

0 

6 5 

0 

B 

31 

3 2 

41 9 

41 9 

0 

0 

D 

42 

0 

0 

0 

11 9 

9 5 

F 

14 

0 

0 

0 

0 

0 


SUMMARY 

Serological and bactenophagic studies on strams of Leuconostoc mesenleroides 
isolated from cane juice mdicated that FaviUe’s type A constitutes a reasonably 
distinct and homogeneous group, whereas the B, D, and F types are quite 
heterogeneous Of the three tests employed the agglutmation test was the most 
useful m showing type relationships 
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A 

Z 0 

0 60 

0 90 

0 9 C 

3 

-0 6 0 

-19 0 

-3 2 0 

__ 

4 

0 70 

160 

1 70 

1 70 

6 

0 60 

1 30 

1 40 

140 


This plasma pool affords an example of a protein solution from Tvhich the re- 
moval of pyrogenicity was effected by either of the agents alone 
Five hundred ml of this plasma v ere filtered through an S-6 pad, 40 sq mches 
per hter After filtration a pyrogen test showed the following 


Eahht 1 hr 

1 -0 6 C 

2 -0 2 0 

3 -0 20 


Z hr 3 hr Max r\s§ 

-0 7 0 -0 6 0 — 

040 040 040 

040 040 040 


Five hundred ml of the p 3 ’TOgenic plasma were stirred with 15 g of "decalso” 
for a half-hour and were filtered through an S-3 pad, 40 sq inches per hter The 
filtered matenal gave the followmg pyrogen test 


Rcllxi 

1 hr 

Zhr 

1 

0 2 C 

0 4 

2 

-0 3 C 

-0 1 

3 

-0 3C 

0 0 


i hr Max rxsi 

O 050 050 

0 0 1 0 0 1 O 

C \ C — 


REMOVAL OP PYROGEN FROM A 25 PER CENT NORMAL HUMAN 
SERUM ALBUMIN SOLUTION 

A 25 per cent solution of albumin gave the p 3 rrogen tests below Its pyro- 
gemcity is better indicated by the fact that one of the rabbits died immediately 
after the test, and the other two were moribund, than by the actual temnerature 
nses shown 

Rahlxt 
1 
2 
3 

• Rabbit died 

Earlier work has shown that with the highly concentrated albumin solutions 
the 30 g of “decalso” per hter usually used were ineffective even when followed 
by S-6 filtration Likewise, the use of 60 g of “decalso’^ per liter of solution was 
only slightly effective Five hundred ml of the foregoing solution were stirred 
one half-hour with 120 g of ^^decalso” (240 g per liter), and then were filtered 
through an S-6 pad, 40 sq inches per liter The filtered albunun gave the follow- 
ing pyrogen test None of the rabbits were ill 

Haiti/ I hr 

1 -0 7 C 

2 -0 2 C 

3 -0 8 C 


2 hr 3 hr 

-0 5 C -0 3 C 

-0 4 C -0 4 C 

_0 4 C -0 3 C 


I hr 

2 hr 

0 4 C 

0 2 0 

0 40 

0 1 0 

12 0 

1 5 0 


3 hr 

itax 

0 20 

0 4 0 

0 1 0 

0 4 O' 

1 9 0 

19 0 


Max Tui 
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SUmiARY 

The pyrogenicity of concentrated protein solutions can often be reduced by 
treatment with “decalso/^ and by filtration through S-6 pads of the Repubhc 
senes 

The amount of “decalso” and the area of pad space used are functions of the 
degree of pyrogemcity and of the protem concentration of the solution, and for 
maximum effectiveness they should be determined for each solution to be ex 
ammed In practice, for 6 to 8 per cent protem solutions of mild p 3 T 0 gemcity, 
30 g of '^decalso” and 40 sq inches of pad surface per hter of solution have 
given adequate reduction of pyrogemcity 
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It IS well established that in general large differences exist in the sensitivity 
of gram-positive and of gram-negative organisms to penicillm, the differences 
are so large, in fact, that most infections due to gram-negative organisms are 
classed as refractory to penicillin treatment, although it is known that at suf- 
ficiently high concentrations of the antibiotic in vitro many such organisms are 
mhibited It is also well estabhshed that there are relatively wide differences m 
sensitivity to pemciUm among different species of susceptible bactena and even 
among different strams or races of a smgle susceptible species (Herrell, 1945) 
It seems of interest, therefore, to ascertain whether the same mechanism of 
penicillin action operates in gram-negative orgamsms as in gram-positive, but 
perhaps at a higher threshold level, or whether an entirely different mechanism 
of action must be sought This problem is of practical as well as theoretical 
importance, since, if the same mechanism is operative m both t 3 ^es of orgamsms, 
but merely at different threshold levels, it may be possible to find a practical 
means of lowering the threshold of sensitivity in the more resistant organisms 
and thus to bnng them within the scope of effective action of pemcilJm m practical 
climcal doses The advantages to be anticipated from such a procedure are 
obvious, smee the supenority of penicillin over other currently available anti- 
biotics on the basis of toxicity, untoward reactions, development of fastness m 
the organisms under treatment, etc , is generally recognized 

It IS difficult, if not impossible, in the present state of knowledge to define with 
certainty the precise biochemical and biophysical mechamsms through which 
penicillm exerts its effect on susceptible organisms The fact that it exerts a 
strong selective action in relatively low concentrations against many types of 
bactenal cells without manifesting any appreciable toxicity toward other living 
structures mdicates that it does not owe its action to a drastic, general proto- 
plasmic poisoning as do many other antibacterials (halogens, salts of heavy met- 
als, phenols, etc ), but it is reminiscent rather of the “receptor’’ hypothesis of 
Ehrlich (1908, 1914), who believed that antiseptic agents act against susceptible 
cells by linking chemically with reactive groups contained therein Specific 
tests with different stains and reagents may be visualized, in a way, inasmuch as 
they help to reveal chemical changes that occur in cells and colonies under the 

* The execution of the work reported m this paper was made possible by a generous 
grant from the Cutter Laboratones, Berkeley, California 

® With the laboratory assistance of Virginia Lamb 
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nEACriON ON ASSAY PLATES 











































































tur on penicillin cissay plates seeded wi^h gram negative 

organisms 


REAGENT* 

REACTION ON ASSAY PLATES 

Eschfftchia coh j 

[ Proteus vulgarts 

Color 1 

1 

Definition of 
boundary 

Color 

Definition of 
boundary 

Inside of 
zone 

Outside of 
' zone 

Inside of | 
zone 

Outside of 
zone 

K fomcjanido 
feme sulfate 

ramtli 

bluo-grccn 

Deep blue- j 
green I 

1 

Very sharp 
deep bluonngj 
of enhanced 
growth 

Bluish 

1 

Blue 

Poor 

SchifT’s 

Faintly 

pink 

Pink j 

1 

Poor 1 

Pink 

Deep red 

Verj sharp deep 
rose ring of cn 
hanced growth 

Pinkt 

Rcdt 1 

Sharpt 1 

Bchiff’s (after pre- 
treatment with 
HgCh 

Pink 

Deep red | 

1 

! 

Sharp 

Pink 

Deep red 

Extremely 

sharp 

Osmic acid | 

Clear 

1 

Dark 

Very sharp 
black nng 

Clear 

Dark 

Very sharp black 
ring of on 
hanced growth 

Aio-rcaction (in ^ 
alkahne solution) , 

Clear 

Red 1 

Sharp 

Light orange 

Red-orange | 

1 

Sharp 

Bakaguchit 

1 

1 

Faintly 

pinkish 

Pink 

Poor 

Faintly 

pinkish 

Red orange 

Poor 

Molybdate , 

Blue 

Deep blue 

Poor§ 

Blue 

' Light blue 

Good 

Hematoxylin after 
molybdate 

Blue-\^olet i 

Deep 

purple 

Good 

' Bnght 
' blue 
' \ lolet 

1 Deep blue 
' (very lit-^ 
tie \nolet) 

Sharp 

1 

Toluidine blue 

1 

La\ ender j 

Purple 

Sharp 

' Blmsb 
lavender 

' Dark 
purple 

[ Fair 

FeCli 

Light yel | 
low green | 

Greemsh 

brown 

Extremely sharp 

Light yel 
low green 

Greenish 

bronn 

Good 

1 

Methyl green (ap 
pnoximately 

0 02% solution) 

Green , 

Pink 

1 

Sharp intense 
deep pink 
ring of en 
hanced growth 

Green 

Pink 

' Very sharp in 
tense nng of 
enhanced 

growth 


* See table I for groups assumed to react and for autbontiee 
t Reaction on plates incubated 18 hours T\ilh no prcincubation 

t Plates must be iced before reagents are applied ,• u n » j i 

5 Although definition of rones is poor when pistes are viewed macroscopicaUj espeoalb bj 
»« xery clearly eecn when plates are examined under h.gh do power of microscope The ce s mthin 
inhibition appear as long blue filaments and aresharply differentiated from the umnhibited ceUs in the norm^ bach 
ground Both filamentous and normal cells stand out clearlj from the less intomelj stained agar bachground 


remaining subbactenostatic, does reach a cnlical level that is capable of stimu- 
lating metabolism and groivth It is veil knovm that, like other antibactenal 
agents, pemcilhn m certain subbactenostatic concentrations may evert a stimu- 
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lating effect on microorganisms tn vitro (Miller, Green, and Kitchen, 1945, 
Enksen, 1946, Curran and Evans, 1947) ^ The threshold concentration belovr 
which pemcilhn enhances and above which it inhibits metabohsm is, however, 
many times greater for activity toward the gram-negative organisms than toward 
the gram-positive For example, on plates seeded with S aureus and treatedas 
prescnbed for the FDA cylmder plate assay (Federal Register, 10, 11478-11485, 



0 5 10 , 5^10 50. 100 250 

UNITS/ML (Log scalej 


Pig 1 Diameters op Zones op Inhibition Corresponding 

Concentrations of Penicillin on Assay Plates Seeded with b atjbe , 


E TYPHOSA, or E coli 1 dcirclea8« 

Open circles are values for plates prepared with the standard test agar bo i of 

for same agar with COCh 6 H 2 O added at the rate of 1 mg/L o hour 

values from at least 4 plates Assays with S aureus were performed by 1 
others bv standard overnie-ht nronpHure Por convemence in plotting, au 


others by standard overnight procedure For convemence 
have been raised l^mm on the ordinate scale 


1945), a solution containing 1 unit of penicillin per milliliter pioduce 
Eones approximatel 3 ’' 21 mm in diameter, but a solution containing app 
100 units of pemcilhn pei rmlhliter was required to pioduce a zone 0 
diameter on plates seeded with B typliosa 01 P vulganSf while solu 
mg 250 umts per milliliter produced zones only slightly over 13 of 

on plates seeded "with E colt (figure 1) It is noteworthy that tea 

Thefluthorskno^f 

* Evidence of similar action of pemcilhn tn vtvo is less convincing lafectctl 

no clear-cut demonstration of such an effect in ammals or human pa le 
pemcillin-susceptiblo organisms and treated with pemcilhn 


dosage cui vc is shifted along the abscissa when E coh or E fyphosa is used as the 
test organism instead of S aureus and that the curve for a given organism is 
shifted upward on the ordinate scale when appropriate concentiations of C0CI2 
6H2O are added to the test agar A similar effect of cobalt in lowenng the effec- 
tive threshold for penicillin has been demonstrated in vtto (Pratt, Dufrenoy, and 
Strait, 1948) The enhancing action of trace amounts of cobalt on pemcilhn 
activity appears to be specific and is receiving special study in this laboiatory 
Salts of nickel, manganese, platinum, indium, gold, zinc, and copper have been 
tested in a similar manner over a wide range of concentiations and have failed 
to produce any smular increase in the diameters of the inhibition zones around 
cylmders contaming penicillin 


DISCUSSION 

The tests that are most useful in revealmg the chemical changes that occur 
on penicillin assay plates are those that result in clear-cut differential staining 
of test organisms vs agar background and of inhibition zones vs the general 
background of uninhibited groivth, and that intensify the nng of enhanced 
growth These staining reactions, emphasizing the contrasts between the re- 
gions of normal growth in the background of the plates, the marginal nngs of 
enhanced growth, and the zones of inhibition, can be interpreted from the physi- 
cochemical point of view as manifestations of differential shifts in rH and con- 
comitant shifts in pH in the corresponding parts of the plates The various levels 
of rH and of pH can be estimated by the proper use of indicators From the 
biochemical pomt of view these changes may probably be ascribed in large mea- 
sure to changes in the relative rates of proteogenesis and proteolysis m cells 
exposed to bactencidal, inhibitmg, stimulatmg, and ineffective concentrations 
of pemcilhn Disturbance of the normal assimilative and growth metabolism 
might be expected to lead, m turn, to an unequal distnbution of different pro- 
tems and other cellular components on different parts of the plates As showm 
m tables 1 and 2 these changes can be revealed by use of reagents for detecting 
-SH groups, aldehydes, polyphenols, guamdo groups, phosphate ion, polynucleo- 
tides, fatty acids and hpids, etc Surface phenomena, due no doubt in part at 
least to changes m pH, cannot be ignored m interpreting these results and war- 
rant a full discussion separately 

In our experiments it was convenient to work with inhibition zones approxi- 
mately 15 to 20 mm m diameter It w^as found in our work that to produce 
inhibition zones in this range on plates that ere seeded with E iyplwsaj or P 
vulgaris^ and to ivhich no cobalt had been added, it was necessary to employ 
pemciUin solutions 10 to 100 times as concentrated as wdien S aureus was used 
for the test organism, and that, on plates seeded with E coh, solutions containing 
as much as 250 umts of pemcilhn per milhhter failed to produce zones of this size 
However, when the concentration of penicillin was adjusted so that it fell within 
a bacteriostatic range, the reactions for the several active groups, levels of rH 
and pH, etc , were as pionounced and sharp on plates seeded with gram-negatne 
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organisms as on those seeded with gram-positive orgamsms, and they demon 
strated a homologous pattern In fact, plates treated ^vlth a given reagent 
appeared macroscopically identical, irrespective of the test organism that was 
used, if the relative times of premcubation and of secondary mcubation were 
chosen so that the plates v ere developed at the time when the sharpest differential 
could be achieved 

For clearest results it is essential that the mteraction of the biological and the 
physical factors be properly balanced Our expenence indicates that failure 
of a reagent that has revealed a sharp defimtion of zones on plates seeded with a 
given organism to “develop’' properly plates seeded ^nth another organism maj 
be ascnbed primarily to too long a premcubation penod If the primary mcu 
bation penod exceeds the duration of the lag penod, gro^ih of the test organisnb 
on the plates becomes too dense before the pemc^^'hnders^ are placed thereon and 
diffusion of pemcillm is penmtted to begm Under these conditions the sub- 
bactenostatic effect correspondmg to “below threshold” concentrations of peni 
cillm may fail to be differentiated from the bactenostatic effect corresponding to 
“above threshold” concentrations For example, the Sakaguchi test (tables I 
and 2) very clearly revealed the prevalence of substituted guanido groups in the 
zone of enhanced gro^^i:h on pemcillm assay plates seeded with S aureus The 
failure of the reagent to provide a sharp response on plates seeded with other 
test orgamsms may be ascnbed to improper timing of premcubation or sscondaiy 


mcubation penods 

Methods that reqmre floodmg of the test plates ith reagent solutions are sub- 
ject to the cnticism that the floodmg operation may dislodge some of the test 
orgamsms from their mitial position on the plates and that, consequently, the 
pattern which develops following the chemical tieatment may fad to correspon 
to the ongmal pattern of distnbution of the several reactive groups 
to eliminate this objection, m the present expenments all results obtained wi^ 
the several reagents were checked as to sizes of inhibition zones, 
enhanced growth, bactenostasis, and bactenolysis, on plates which, at t e e 
of the second mcubation period, were mverted over a watch glass 
solution of osnuc acid that was stabilized by chromic acid It was seen a 
results on plates so treated corresponded with the observations made on p a 
treated with the other reagents The development of the plates expose o ^ 
vapors of osmic acid can be watched easily as it progresses 
enhanced growth darkens, and then it blackens as the general baCn-gro^ 
ens Microscopical exammation of such plates under oil immersion s ^ 
osmic acid is reduced m the vacuolar solution of the test organisms 
duction occurs more rapidly and is more evident m the zones of eubanc t 
Plates thus “fixed” b}^ fumes of osmic acid may subsequently be 
propnate cytological stams, for further study of the 
Osimc acid is reduced rapidly to black osnuum oxide m the vacuolar so ^ 

* Trade name for standard cylinders used in assa3ung penicillin 
plate method Penic^hnders are available from Eimer and Amend, New * 
other firms that supply laboratory apparatus 



w - 111 < * ac witn certain lattyma' ends 1 he format ion of 

the black deposit in contact mth phenohc compounds has never been clearly 
explained m terms of physical chemistry In viev of what happens with other 
metals chelation might be surmised 

The results of our expenments suggest that m penicillm-sensitive organisms 
the gram-positive complex, which is kno^\m to consist of a magnesium nbonu- 
cleate involving a sulfhydryl group (Henry and Stacey, 1946, Bartholomew and 
Umbreit, 1944), accelerates the action of the penicillin molecules in mactivatmg 
-SH groups ^^hlch form essential links in the cham of metabolic reactions m- 
volved in g^o^^ih Under the effect of penicilhn the ‘‘gram-positixeness” dis- 
appears This is significant in vie^v of the hypothesis that has been developed 
in this and in earlier papers (Dufrenoy and Pratt, 1947a, Pratt and Dufrenoy, 
19476), since it is knovm that the gram-positive complex loses its characteristics 
as its -SH groups become dehydrogenated to S-S (Henry and Stacey, 1946) 
In microorganisms which lack the gram-positive complex the concentration of 
pemcilhn must be mcreased many times to obtam the bacteriostatic effect, but 
irrespective of the mimmum dosage required to produce bactenostasis, the se- 
quence of events is always the same first the microorganisms undergo a phase of 
enhanced activity, dunng which they develop pronounced reducing poi\er, and 
the cells at the margins beyond the range of diffusion of bactenostatic concentra- 
tions of pemcilhn manifest the characteristic symptoms of the loganthmic phase 
of growth This IS the penod dunng which the dehydrogenases are most active, 
and the rH of the medium tends to drop to the lowest value This change is 
evidenced by reduction of Redox mdicators Dunng this phase of gro'^\i:h the 
organisms store phenohc compounds in their vacuolar solutions v hich, therefore, 
acquire the aptitude to absorb (or adsorb) basic fuchsm, phenosafranme, neutral 
red, etc The phenolic compounds can be demonstrated by the action of mild 
oxidants such as potassium di chromate or potassium lodate, v, hich oxidize them 
to brownish yellow quinoid denvatives Conversely they can also be demon- 
strated m the vacuolar solution of the bactena by virtue of their reducing action 
toward osmic acid, silver mtrate, etc , or by the formation of darkly colored 
metalhc complexes with ammomum molybdate (Marchal and Girard, 194/) or 
with ferrous salts Where positive reactions can be obtamed for phenohc com- 
pounds, a sharp positive reaction can be obtained for -SH groups through the 
formation of Prussian blue, by treatment with potassium fernc3’’amde follow ed by 
feme sulfate 

One other pomt should be mentioned in connection with the observation that 
a rmg of enhanced growth always surrounds the zones of mhibition on pienicillm 
assay plates It has been pointed out above that these nngs of enhanced grow th 
probably represent a visible manifestation of enhanced metabolism induced in 
ceUs in that region by subbactenostatic concentrations of pemcilhn It should 
be observed, however, that other factors may contribute to the enhancement of 
growth in those areas circumjacent to the areas where growth is mhibited and 
lysis of cells occurs It is not impossible that as cells m the areas of inhibition 
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are aftected by bactenostat)c concentrations of penicilbn, some of their compon 
ents are liberated into the agar, through which they may diffuse to regions of the 
plate in which the concentration of penicillin fails to reach a bactenostatic level 
A number of references in the literature indicate that products hberated bj dying 
microorgamsms mayserve as growth factors forsurvivors (NicoUeandl’aguet.IStf, 
Lasfargues and Delaunay, 194:7 , Cook and Cronm, 1941 , Loofbourow, 1947, Webb 
and Loofbourow, 1947) Some of these substances, especially the nucleopro- 
terns, might then be absorbed by the bactenal cells outside of the zones of 
inhibition and serve as metabolites or growth factors Support for such s 
hypothesis is afioi ded by the experiments of Bon4t-Maury and Peraulfc (1945) 
By the use of a recording photometer they observed that ivhen S aureus was 
cultured in the presence of small amounts of peniciUm in broth two waves of growth 
occurred The results may be mterpreted as indicatmg that when S aureus 
cells are suspended m broth containing very small amounts of penicillin, the 
most sensitive organisms, which are first affected, release into the medium sub- 
stances that promote a second wave of growth among the more resistant cells 
Therefore, the possibility should not be overlooked that the enhancing action 
that IS apparent as a “space” effect on assay plates is comparable m some 
ure to the action which the recordmg photometer demonstrates as a “tune 
effect m suitable broth cultures 


SUMMAET 

A study has been made of physical and chemical changes that occur in different 
parts of pemcillm assay plates seeded with gram-positive and with gram negative 
test oigamsms The techniques that were used were intended to reveal ei 
ential changes that occur m cells under the influence of bactericidal, lytjei 
hibitmg, and stimulating concentrations of pemcillm as contrasted with t e ^ 
action of cells in the normal background where the concentration of pumc 
remains meffective y 

It was found that the same pattern developed on all penicillin plates rea 
with a given reagent, irrespective of the test organism, provided ^ ® ^ ^ 
concentrations of penicillin were used and provided the proper 
biological and physical factors involved m the cylmder plate met o ° 
was achieved The latter was found to be largely a matter of proper y co^ 
the relative lengths of the primary incubation penod, when the 
m the lag penod, and of the secondary incubation period, dunng 
organisms were in the log phase of growth and dunng which penici m 
fusing through the medium in the plates ^ gran 

The evidence indicates that pemcillm affects aerobic gram-posi iw^^^ 
negative organisms through the same chemical systems The ^gr os 

tration at which its effects become manifest is, however, many im® 
plates seeded with gram-negative organisms than on those see 

positive organisms threshold 

The proper use of trace amounts of cobalt lowers the effeo i gjtteo- 
test plates, a fact which may have practical clmical vies 

retical mterest, since the same phenomenon has been demonstra 
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The isolation of groTvth-factor-requiring mutant strains of Escherichia colt from 
cultures exposed to X-rays durmg growth in a broth medium, and m one case 
from a culture transferred serially m broth without X-ray treatment, has been 
reported (Roepke, Libby, and Small, 1944) The yield of mutant strams was 
relatively low and variable, and the procedures would tend to limit the mutant 
strains to those able to grow at least as rapidly as the parent stram Gray and 
Tatum (1944) and Tatum (1945) have reported the isolation of similar mutants 
from cultures of E coh exposed for a short tune to X-rays of high mtensity 
The X-rayed cultures were mcubated 4 hours m a broth medium before plating 
for single-colony isolation This procedure, although givmg a relatively high 
yield of biochemical mutants, also tends to favor the isolation of those strams 
with the highest rate of growth 

This report deals with attempts to obtain biochemical mutants of E coh by a 
procedure not affected by their relative growth rates and to deteimme some of 
the factors affectmg the yield of mutant strains 

Theoretical considerations From quantitative studies of the lethal effects of 
X-rays on E cohy Wyckoff (1930) and Lea et al (1936, 1941) concluded that 
death of a bacterial cell was the result of a smgle “hit” or absorption of a smgle 
quantum of X-ray energy m a vital structure m the cell Lea and his coworkers 
(1941) suggested that these vital structures may correspond to genes and that 
death of a bactenal cell by X-rays may be considered as a lethal mutation 
K this assumption is valid, the number of viable mutations produced by X-rays 
should increase m direct proportion to the number of cells killed by X-rays 
On the basis of this assumption and with the further assumption that a viable 
mutation does not alter the sensitivity of the cell to X-rays, one may denve a 
relationship between the ratio of viable mutant to nonmutant cells and the 
survival ratio 

Accordmg to the “one-hit-to-kill” theory the log of the survival ratio decreases 
bnearly with the time of X-ray treatment (Wyckoff, 1930) Thus, 

(1) - -li or 



( 2 ) 


731 



732 


EATMOND B KOEPKE AKD H/ORENCE E MERCER [m W 


where No ~ the mitial number of \iable cells, N = the number of sumvmgc^ 
at any tune, t, and k — a constant dependent on the intensity of the X-raj-s 
If a; — the number of viable mutant cells of a particular tj'pe, i e , cells unable 
to carry out reaction X, n = the number of all other viable cells, no = the 
mitial number of such cells, and R = the mean ratio of cells mutated (to mutent 
X) to cells killed by X-rays, then the rate at which mutant cells of type X are 
killed = kx, the rate at which all other cells are killed = /m, and the rate at 
which mutant cells are produced = Rkn, from which 

(3) e? = -Aa: -f Rkn and 

at 

(4) ^ = -An - Rln 

ui 

Substituting from ^ ~ ^ , equations 3 and 4 may be combined and late- 

at an al 

grated to give 

( 5 ) ^ 

n n 


where K — the constant of integration 

1S~ = rwhenn = no.thenX = (1 -h r) and substitution m equation 

n 

6 gives 


(6) - -d + r) 

n \n / 

According to this relationship the ratio of mutant cells of a specific type to ^ 
other cells surviviDg X-ray treatment vanes m an inverse manner inth 1 1 

survival ratio From the denvative of ” with respect to n, it can be 

n 


^ contmues to increase without reaching a finite maximum as the survival ratio 

approaches zero In other words, the greater the percentage of cells hiUcd ^ 
X-rays, the greater will be the percentage of mutant cells among the 
If i2 > r, the value of x will pass through a maxunum as the suniv J ^ 
decreases However, m the case of biochemical mutants which 
isolated by a selective method one is mterested m obtammg a high perceu 
mutant cells m order to facilitate their isolation 

Equation 6 is dependent on the validity of the assumptions state 
and on the use of experimental conditions that insure uniform ^^3 

cells to X-rays Since R in this equation is a ratio of probabilities wi ^ 

tion around a mean value, the ratio ^ may be expected to show con- 

71 TcU^ 

eicpenmeutal variation as the number of survivmg cells approaches zero 



' w = c is IS appreciably greater than the 

value of R Up to the range in which the number of double mutations becomes 
significant, x may be considered as the number of mutant cells of a general type, 
1 e , growth-factor-requirmg cells 

Although equation 6 may be valid over an appreciable range of X-ray dosage, 
the experimental results indicate that it does not hold for more extensive X-ray 
treatment, the limitations bemg dependent to some extent on the experimental 
conditions 


METHODS 

E colt no 15^ was used in this study Preparatory to X-ray treatment, smgle 
colony cultures were moculated into the basal synthetic medium consistmg of 
morganic salts, glucose, and asparagme (Roepke et al , 1944) In ex^periments 
involvmg *Voung’^ cells cultures m the basal medium were started with suffi- 
ciently large inocula to give visible turbidity and mcubated until approximately 
half the maximum turbidity was obtamed The cultures were then cooled to 
15 to 20 C to reduce the growth rate dunng centrifugation “Old” cells were 
harvested from cultures started with a small mocula and mcubated for 21 to 28 
hours at 37 C, maximum growth being obtained withm 18 hours The harvested 
cells were washed once and resuspended in sahne-phosphate buffer (0 60 per cent 
NaCl + 0 20 per cent iai 2 P 04 adjusted to pH 7 0 to 7 2 with NaOH) to give 
viable counts of about 1 X 10® cells per ml m the first two experiments and 
1 X 10 ® to 7 X 10^® cells per ml m subsequent experiments Unless stated 
otherwise, X-ray treatment was mitiated within 2 hours after preparation of the 
cell suspension 

In prelimmary experiments the cell suspensions were X-rayed m the alummum 
chamber used previously (Roepke et al , 1944) The X-ray beam was admitted 
through a waterproofed cellophane window, and the suspension was stirred with 
a motor-driven glass stirrer When it became evident that stirring alone was 
not sufficient to attain uniform exposure of the cells, the aluminum chamber was 
replaced with a pyrex test tube, 15 by 150 mm, the lower end of which was blown 
mto a bulb 22 mm in diameter The tube, containing 1 6 ml of cell suspension, 
was placed about 75 mm from the wmdow of the X-ray tube and m such a 
position that the cross section of the X-ray beam more than covered the cross 
section of the cell suspension, mcluding the walls of the p 3 U’ex tube several mm 
above Its junction with the suspension The suspension was stirred and the 
pyrex tube rotated continuously during X-ray treatment The temperature of 
the suspension during mcubation was mamtamed at 19 to 20 C m the first few 
experiments and at 10 to 14 C m the later experiments , j. 

X-ray treatment was earned out with a General Electnc X-ray diffraction 
unit, usmg a tube with a molybdenum target at 40 kv and 19 to 20 ma 

In the determmation of the death curve samples of approximately 0 05 ml 
were removed with micropipettes at mtervals of 15 to 45 minutes e ray 

» No 9,723 of the Amencan Type Culture Collection 
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treatment was mtemipted for 3 to 5 mmutes dunng removal of the samples 
The ability of a cell to grow mto a visible colony on agar medium was used as the 
cntenon of viability Viable counts were made by platmg with Difco nutnent 
agar and mcubatmg 24 to 30 hours at 37 C 
The general procedure used m the isolation and identification of biochemical 
mutants has been descnbed (Roepke et al , 1944) Difco AC broth supple- 
mented with a crude hver extract was used as the ‘‘complete” medium and will 
be referred to as AC broth In some cases this was supplemented also with an 
autolyzate prepared from baker’s yeast and sterihzed by filtration For single- 
colony isolation vanous dilutions of the X-rayed suspensions were flooded on the 
surface of AC agar (AC broth plus 2 per cent agar), and the excess was drained 
to one edge of the plate and removed with a pipette 


RESULTS AND DISCUSSION 

In previous studies (Roepke ei al , 1944) m which cell suspensions contained 
m the aluminum chamber were exposed to X-rays, it was found that the decrease 
m the log of the survival ratio was essentially linear with time, although irradia 
tion treatment was not extended beyond that givmg a survival ratio of about 
With more extensive X-ray treatment the plot of the log of the survival 
ratio versus the time of exposure deviated appreciably from hneanty at low 
survival ratios (curve A, figure 1) In this expenment the samples were re- 
moved from the contamer without additional mixing When the cell suspension 
was mixed with a pipette just pnor to removal of the samples, the death cur\e 
was very irregular at low survival ratios, mdicatmg that the motor-dnven stirrer 
was not suflScient to insure uniform exposure of the cells 
The use of the pyrex tube m place of the alummum chamber insured relative j 
uniform exposure of the cell suspension (curves B and C, figure 1) 
deviation from Imeanty is evident, but this is always m the direction o an 
mcreased death rate with time of X-ray treatment The deviations from ^ 
anty m the first part of the curves obtamed with suspensions of young c 
(figures 1 and 2) are probably due to a discrepancy between plate counts an 
the number of viable cells The cells harvested from actively growing cu 
may occur in large part as short chams of mcompletely divided cells (Ko » 
1945), so that many of the colonies obtained m plate counts may be derive 
two or more viable cells Thus, m the control suspension and m the ear y 
of the X-ray treatment the actual number of viable cells would be hig 
that indicated by plate counts, with the two values approaching equali y ^ 
cells are killed 

Curve D, figure 1, is a theoretical curve showmg the relation 
of the survival ratio, on the basis of plate counts, and the time o 
ment when all of the cells exist m chams of four cells each with o 
mitially viable The calculations are based on the assumption t a 
rate of mdmdual cells follows equationl ^ As shown by the ca cu a e ^ ^ 

* On the basis of equation 1 the death of cells occurnng m chains of 4 may 
as analogous to a senes of 4 consecutive, first order reactions, as 



viable ceU T "fJ! considered as an adequate indication of the number of 
viable cells Froin the point of intersection of the Imear portion of the ex-peri- 
mental curves with the zero axis, it appears that the number of viable ^ells 



TIME OF EXPOSURE IN MINUTES 

Fig 1 X-Ray Treatment of Young Cells 

suspension X-rayed in aluminum chamber, B and C, 2 portions of same suspension m 

E yrex tube, X-rayed immediately after preparation {B) and after storage at 4 C for 20 
ours (C), D and theoretical curves of log of survival ratio as indicated by plate counts 
(p) and percentage of colonies originating from more than one viable cell (E)^ calculated on 
the supposition that all of the cells occur in chains of 4 cells each (see te\t) 


a . h j. c j. d ^ e 

0000 kx XOOO kz XXOO kz XXXO ki xxxx 

where a = the number of chains in which all 4 cells are viable, h = the number of chains in 
which one cell has been killed, etc Since the probability of killing any one of the \nablc 
cells in a chain is directly proportional to the number of \iable cells in that chain, the rate 
constant ki = fAi = 2kz = Aki The value of U (8/hour) was approximated from the rela- 
tively linear portion of one of the experimental, death rate cuives The viable count as 
indicated by plate counts corresponds to the sum a + 6 + c + d The values of a, 6, c, and 
d were calculated by means of the general equations used in calculating the \ariation with 
time of the quantity of decay products m a radioactive series (Rutherford tt al , 1930) 
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initially present m most of the suspensions of young cells was about twice that 
mdicated by plate counts This is m general agreement with the observations 
of Robmow (1945) on the structure of rod-shaped bacteria In a few expen 
ments the shape of the death rate curve mdicated an appreciably greater dis- 
crepancy between plate counts and the number of viable cells (curve A, figure 2) 
This may have been the result of mcomplete dispersion of the centrifuged cells 



Fig 2 X-Ray Treatment of Young Cells ^ 

A and B, ceH suspensions X-rayed immediately after preparation, C, portion 

BU^ension as B X-rayed after storage at 4 C for ^ hours, , plates incubated tiJJ • 

?? n r points on curves C obtained by keeping X rayed suspena 

14 U for an additional 30 minutes before diluting and plating 


In two experiments the viable counts on the control (nomrradiated) suspension 
increased 20 and 25 per cent during mcubation at 20 C for 5 and 3 hourS; 
tively However, this degree of growth or mcreased dispersion of the cells vr 
not appreciably affect the shape of the death rate curve , 

Death rate curves were determined on only two suspensions of o 
(figure 3) With one suspension, on which two runs were made after ^ 
4 C for 18 and 22 hours, the change m slope in the initial portion of the 
such as to mdicate a heterogeneity of the cells with respect to X-ray sensiii 



mutation aCfectmg X-ray sensitivity m the culture from which the cells were 
haiwested However, storage of suspensions of young cells before irradiation 
did not result in a change m shape of the death rate curves (figures 1 and 2) 
A mutation resulting in increased resistance to ultraviolet and X-ray irradiation 
has been reported by Witkm (1946) 



•ri I-. I I ^ — I — 1 — I — i— 

O 30 60 90 120 


TIME OF EXPOSURE IN MINUTES 
Fig 3 X-Ray Treatment of Old Cells 

il, cells harvested from 28-hour culture and X-rayed immediately, B and C cells 
harvested from 21-hour culture and X-rayed after storage at 4 C for 18 (B) and 22 hours (C) 

The deviation of the death rate curve from Imeanty at low survival ratios 
(figures 1, 2, and 3) is probably due, m major part at least, to the cumulative 
effects of nonlethal hits m the less vital structures of the cells, resulting m 
increased fragility, or decreased viability, and finally death of the cells This is 
mdicated by the observations that the viable count of suspensions m the region 
of low survival ratios (10“* or less) is dependent on the nature of the platmg 
medium, on the interval between cessation of X-ray treatment and the time of 
platmg, and on the temperature of incubation of the plates Similar effects 
were observed by Hollaender (1943) foUovung ultraviolet treatment of E colt 
cells It was found that the viable coimt of cells survivmg ultraviolet treatment 
decreased durmg mcubation in a phosphate buffer at a rate dependent on the 
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extent of ultraviolet treatment and the temperature of incubation The sur 
vivmg cells also showed a prolonged lag phase when incubated m broth 
Plate counts on X-rayed suspensions with survival ratios in the range of 1(H 
or less were found to be significantly lower (one-half to one-tenth) with AC agar 
than with Difco nutrient agar, and even lower counts were obtained with tr^^it! 
case soy agar (Baltimore Biological Laboratories) On suspensions with higher 
survival ratios (10~® or higher) the three media gave identical plate counts, 
withm experimental error, although Difco nutrient agar gives appreciably slower 
growth and smaller colony size than the other tn o media Mineral anab^es of 
the three media (table 1) suggest an mcreased sensitivity of the X-rayed cells to 


TABLE 1 

The mineral composition of broth media 


imxmOLES PEH LTTEZ 



Difco nutnent broth 
AC broth 

Trypticase soy broth 


TABLE 2 

Effect of electrolyte concentration of plating medium on the viable 
count of a cell suspension X-rayed for 110 minutes 


ACAS IXEDIXTU I m-S-r^^miATTOV OT Na PLUS K I \TABLE COir«*T 


CONCFNTRATIOV OF Na PLUS K 
mlf per liter 


Difco nutrient 

13 6 

S0% ACt 

51 

AC 

64 

AC -b KCl 

101 

AC -f NaCl 

152 


* Colony forming organisms per ml The viable count on the nonirradiate Buspe 
was 3 03 X 10*° cells per ml 

t AC agar diluted with stenie water 

salt concentration, smee the viable count varied in an inverse , {je 

concentration of electrolytes m the media This is further 
results of an experiment given in table 2 The addition of NaCl or 
agar resulted m a lower plate count on the X-rayed suspension, v ^reas 
of the medium resulted m a higher count . . moGo 

In one experiment the cells v ere washed and resuspended m i u 
phosphate buffer m place of the salme-phosphate buffer (OOS 
0 015 M phosphate) Although the death curve v as not determine ^ p 

ratio after 2 hours of X-ray treatment was 10“^ or less (no colon} o 
0 10 ml with 2 2 X 10^° viable ceUs per ml m the control gurnv^’ 

similar treatment of cells suspended m the saline-phosphate 












very dw v i An increased sensitivity of the cells to electrolyte concentration 
may be due to increased permeability of the cells as a result of X-ray treatment 
This IS suggested by the studies of Ting and Zirkle (1940), who found that 
extensive X-ray treatment of blood produces a marked mcrease m permeability 
of the erythrocytes to potassium and sodium, resultmg in swelhng and finally 
lysis of the cells 

In two experiments m which suspensions of young cells were X-rayed for 120 
and 140 minutes, several large clumps were noticed in the suspensions at the end 
of the treatment In a third expermient in which a suspension was X-rayed 
for 125 minutes, the clumps appeared after mcubation of the suspension m AC 
broth, wth stirrmg, for 60 minutes One or two large clumps appeared m each 
case with a large proportion of the cells remammg in suspension The clumps 
were gelatmous in nature and difficult to disperse Exammation of stamed 
films of such clumps showed a number of cells enmeshed m a homogeneously 
stamed material, mdicatmg that some of the cells had been lysed 

In the remammg experiments (X-ray treatment of 110 to 125 mmutes) no 
clumpmg or agglutmation was evident even when the X-rayed suspensions were 
stored for periods of 1 hour to several days Thus, the decrease in viable counts 
observed dunng storage of the X-rayed suspension does not appear to be due, 
entirely at least, to an increased clumpmg of the cells This is indicated also by 
the effect of the temperature of incubation of the plates on the viable count of 
X-rayed suspensions (curves. C, figure 2) 

Under our experimental conditions, then, the results mdicate that down to a 
survival ratio of about 10^® the log of the number of viable cells decreases line- 
arly with the tune of X-ray treatment m accordance with the “one-hit-to-kill” 
theory of the bactericidal effect of X-rays With more extensive treatment an 
increasingly greater proportion of the cells dies from the cumulative effects of 
“nonlethal” hits In the latter range of X-ray dosage the ratio of cells mutated 
to cells killed would probably decrease, m which case equation 6 would not be 
valid If a viable mutation does not alter the sensitivity of the cell to such 
cumulative effects, the yield of mutant cells would contmue to increase with 
X-ray dosage but at a relatively slower rate The data given in table 3, however, 
show that this may not be the case The results of experiments 460 and 482 
indicate that the mutant cells die at a greater rate than do the nomnutant cells 
durmg storage of the X-rayed suspensions Gultures of the isolated mutant 
strains do not appear to differ significantly from the nomrradiated parent strain 
as regards viability or sensitivity to environmental factors, although this aspect 
has not been investigated m detail 

These results indicate that the ratio of mutant to nonmutant cells in the 
surviving cells may pass through a maximum in the range in which an increasing 
percentage of the cells dies from the cumulative effects of nonlethal hits 
The yield of mutant cells in this range of X-ray dosage may be increased by the 
Use of experimental conditions that permit a greater proportion of the injured 



740 


RAYMOND R ROBPKB AND FLORENCE E MERCER (fOL 54 


cells to grow into colonies on the complete medium This may be accomplished 
by the use ol more suitable suspendmg and platmg media, by plating as soon as 
possible after cessation of X-ray treatment, and by irradiatmg with a higher 
intensity of X-rays The latter would permit irradiation with a given dosage 
m a shorter time and hence would reduce the mcidence of death of injured cells 
before the suspension is plated for single-colony isolation 

With X-ray treatment of Neurospora, Sansome, Demerec, and HoUaender 
(1945) found the percentage of mutants to mcrease with dosage without reaciuog 
a maximum over the range studied (to a survival ratio of 10~^) With ultraviolet 
irradiation of fimgi the percentage of mutant cells was found by HoUaender and 
Emmons (1941) and HoUaender et al (1945) to pass through a maxunmn at a 
survival ratio of about 10"^ In contrast to our results with X-ray irradiation of 
bacteria, however, HoUaender and Emmons (1941) observed that with more 
extensive ultraviolet treatment the survival ratio and the yield of mutant cells 
were mcreased when the irradiated spores were mcubated m a salt solution before 
platmg 

Demerec (1946), m a study of X-ray-mduced mutations to virus resistance in a 
strain of E coh, found that the yield of virus-resistant cells or colonies was m 
creased appreciably when plates of the irradiated ceUs were incubated for several 
hours before applying the virus as a selective test for the mutant character 
From this one might expect an mcrease m the yield of growth-facfcor-requiring 
mutants if the irradiated cells were mcubated for a time m a broth medium before 
platmg for smgle-colony isolation This would not be true, however, if the 
results obtamed by Demerec were due only to a delay m the manifestation of the 
mutation with all of the descendants exhibitmg the mutant character Thw as 
been suggested as a possibility by Demerec and appears to be substantiated 7 
the results of experiment 472 (table 3), m which it was found that mcubation o 
the X-rayed cells m AC broth before platmg failed to increase the percentage o 
biochemical mutants The data, however, are not suflScient to warran a 


defimte conclusion I 

Although the data given m table 3 serve to illustrate the yield of 
mutants that can be obtamed with X-ray irradiation, they are ma equ 
to demonstrate a relation between the yield and survival ratio smee a 
variables were not adequately controlled The tune of platmg vane 
about 15 to 45 mmutes ^ter cessation of X-ray treatment, and the p a ^ 
mcubated at temperatures varying from 20 to 37 C In Av used 

646 the X-ray mtensity, as mdicated by the death rate, was about ha , 
m other experiments In experiment 468 the cell suspension 3 ) 

heterogeneous as regards sensitivity to X-ray radiation (curve , 
Relatively few colonies were available for isolation m some uf the 

failure to pour a sufficient number of plates with the proper i u i 


X-rayed suspension hitrarv 

The classification of mutant cultures (table 3) somewhat ar 
of those classified as unstable or questionable are so imstable as o 
cation of the growth requirements difficult or uncertain, whereas 



Med as stable mutants are relatively unstau.., although tae growth factor 
requu-ements could be readily determined The number of different mutant 
strams can be considered only as the minimum number, smce the mutations can 
be differentiated only on the basis of known differences m the growth require- 
ments Although identical mutant strains may have been isolated from the 


TABLE 3 

The yield o/ biochemical mutants obtained by X-ray irradiation of suspensions of E coh 


r.TTlYDaJfT \o 

ACE or CULTUXE 

SUZVnAl, RATIO 

VUITBEX 0 
250L 

Plated m 
mediately* 

r COLO>*IES 
ATEO 

Plated after 
stora^ 

irmcBzx or itutant 

Stable 

:ULTUXES 

Unstable or 
qi^esticnabla 

Total 

DiSercnt 

strains 

450 

young 

1/3 7 X 10« 

16 

— 

1 

1 

0 

460 

young 

1/1 4 X 10* 

1,090 

— 

14 

10 

2 



1/1 4 X 10* 

— 

911 f 

0 

0 

1 

462 

young 

1/S 7 X 10* 

1,02S 

-- 

20 

13 

3 

4S2 

yoimg 

1/1 3 X 10« 

329 

— 

8 

8 

1 



1/1 3 X 10* 


125t 

0 

0 

0 

4S9 

young 

1/6 5 X 10* 

926 

— 

13 

11 

1 

495 

young 

1/1 5 X 10* 

300 

— 

0 

0 

0 

546 

young 

1/2 7 X 10* 

311 

— 

1 

1 

0 

468 

old 

1/2 1 X 10* 

232 

— 

1 

1 

0 



1/2 1 X 10* 

— 

55§ 

0 

0 

0 

472 

old 

1/2 2 X 10* 

ISS 

— 

3 

3 

0 



1/2 2 X 10* 

— 

, icon 

0 

0 

0 

Totals 

young 


4,000 

— 

57 

' 2S 

11 




— 

1,036 

0 

0 

1 


i 

old 


420 



4 

4 

0 




— 

55 

0 

0 

0 


• Irradiated suspension plated within 45 minutes after cessation of X-ray treatment 
t Suspension diluted m saline buffer and stored at 4 C for 1 to S days 
} Suspension diluted m AC broth and stored at 4 C for 15 hours 
§ Suspension diluted in saline buffer and stored at 4 C for 24 hours 
B Suspension diluted in AC broth and incubated at 37 C for 3 hours, resulting in a re- 
duction in the viable count of 71 per cent 


same irradiated suspension, it is likely that such mutations arose independently, 
siuce there was little chance for a mutated cell to dinde before the suspension 
was plat^ on the agar medium One of the mutant strains isolated from 
irradiated suspensions of old cells differed from an3 of those obtained from 
young cells 

Only 10 contaminant colomes were obtamed from a total of 5,611 isolated 
colomes Eight of these were obtamed m one e'^enment (no 482) and were 
identical m morphology" A colony was considered as a contaminant if the cells 
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differed appreciably from E coli both m morphology and growth requirements 
None of the strams considered to be mutant differed noticeably in morphology 
from E coh with the possible exception of a stram requiring thymine The 
cells of this stram were considerably elongated or occurred m long chains when 
grown m limitmg concentrations of thymme nucleotide The charactenstica 
and growth requirements of the mutants obtamed m these experiments mil be 
described m subsequent reports 
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SUMMARY 

Suspensions of Eschenchta coh were irradiated with X-rays under condition^ 
which insured essentially uniform exposure of the cells The log of the sumul 
ratio was found to decrease Imearly ivith the time of irradiation, m accordance 
with the ‘*one-hit-to-kill” theory of the bactericidal effects of X-rays, down to a 
survival ratio of about 10~^ A deviation from linearity in the mitial portion of 
the death rate curve is considered to be the result of a discrepancy between plate 
count and the number of viable cells 

With more extensive X-ray treatment the death rate increases, apparently ^ 
the result of the cumulative effects of “nonlethaP’ hits, which render the cd 
more fragile or more sensitive to environmental conditions Viable mutatio^ 
appear to result m an mcreased sensitivity to such cumulative effects as indica 
by the effect of storage of the X-rayed suspensions on the yield of biochemi 
mutants ^ 

A total of 61 growth-f actor-requiring mutant cultures, consisting of at lea 
different strams, were obtamed from 4,420 colonies isolated from plates pour 
shortly after X-ray treatment of resting cell suspensions No mutants 
obtained from 1,091 colonies isolated from plates poured after storage o 
X-rayed suspensions at 4 C for 15 hours to 8 days , ^ 

The results of this study illustrate some of the factors to be consi ere ^ 
quantitative study of X-ray-mduced mutations or m an attempt to o am 
yields of biochemical mutants 
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populations of P siewariit m different environments, both from the standpoint 
of pure cultures of a smgle type and of known niLxtures of cultures of 
types 

EXPERIMENTAL MATERIALS AND METHODS 

Two cultures of P siewartii and vanants of each stock were used m theie 
experiments stock 400 produces a small, compact, diy, highly colored colon} on 
nutrient glucose agar, stock 500 produces a large-spreading, mucoid, nonpig 
mented colony All stocks used were plated repeatedly (5 to 7 tunes) from 
isolated smgle colomes With this species McNew (1938) has shown that a high 
percentage of the colon}’' loci on poured agar plates are seeded with single celh 
After 3 or more platmgs the probability is tremendously high that at least once 
an this process the colony picked ongmated from a smgle cell 

To obsen^'e the rate of mutation bacteria from a smgle colony were seeded mio 
test broth and allowed to grow for the desired time With Dutnent broth at 
24 C this penod was 24 hours, dunng which approximately 16 generations oc 
curred After growth the broth culture was vigorously and repeatedly shaken 
over a period of half an hour to obtain as many bacteria as possible occurring 
individual cells A dilution was then made so that one drop of liquid would 
contam the approximate number of bacteria desired per plate In all cases it 
was desired to obtam mature colomes, mdividual and distmct from one another, 
so that colony characteristics could be easily observed One drop of broth of to 
desired dilution was placed on the surface of a hardened agar plate and smeared 
evenly over the entire surface of the plate by means of an L-shaped rod Phte3 
were meubated at room temperatures for 48 hours, then observed at 9X inag 
nification for colony classification Reflected bght at 75 degrees from the eris 
was used The mutation rate was calculated by fonnula 2 of Demerec an 
Fano (1945) 

CaN 

r = 3 32 a7\r logio 

m which 

r = likely average number of mutant bacteria per culture, 

C = number of cultures, 

N = average number of bacteria m C cultures, 
a = the mutation rate per division cycle , 

Their published constant of 1 6 is here corrected to 3 32 It is jj,;, 

the values pubhshed m table 3 of their paper that they must also ha%c 
constant 3 32 This fonnula is a modification of equation 8 of Luna au^^ 
bruck (1943), and these authors have discussed the assumptions 
denvation of this equation is based Incorrectness of any of these ^ 

tends to make the calculated mutation rate greater than the rea ^ 

probable that the actual mutation rate is greater than the calcu a e^^^^ 
factors such as mutant cell lethality, lowered viability, slower 
possible chromatm segregation mechanism, mability to observ^e 
and random loss of \ anants by usmg small samples from a popu a lo 
keep the number of mutations observed at a mmimum 



^ to selection With the mixed cultures 

technique only variants widely different from each other as regards colony 
characteristics were used 

EFraCT OF TEMPERATUKE UPON THE RATE OF MUTATION 

Growth of P siettariti occurs m nutrient broth between the temperatures of 
approximately 10 and 38 C Five temperatures ^vlthm this range Avere selected 
to determme how the rate of mutation is affected by groAvth temperature These 
temperatures were 12, 18, 24, 30, and 36 C 
Bacteria of a single colony were suspended in nutrient broth, and after repeated 
shakmg five identical cultures were made m ivhich the test broth contamed 
approximately 3,000 bacteria per ml At this time platings were made to 
determme variation initially present One tube was then mcubated at each of 
the five test temperatures Smce bacterial growth occurred at different rates 
at the different temperatures, platings were made to estimate both the number of 
bacteria per ml of broth and the variation present after approximately the same 
amount of growth had occurred in each culture as mdicated by famt cloudmg of 
the broth cultures The amount and rate of mutation occurrmg in these experi- 
ments has been summarized m table 1 

The observed variation in the original inoculum Avas zero This low vari- 
ability was obtained, after prehmmary experiments, by mamtaming stocks at 
low temperatures and by pickmg a colony to use as the initial inoculum from an 
agar plate contaming only typical colonies As shoAvn in table 1, the mutation 
rate increases as groAAdh temperature mcreases, both as regards the number and 
the kmds of mutant colonies observed In the average tube at 12 C variability 
was rare, however, several different variants, often in large numbers, weie 
observed m the average tube at 36 C The fact that a sample from each colony 
population was groAvn at each of the five temperatures makes the observed trend 
for mutation to increase as temperature mcreases very significant 
Stock 401 onginated as a mutant of stock 400 and appears identical with the 
parent m all respects except for the change from dark yellow to pale yelloiv 
colony color The mutation rate of the pale yelloAv stock is lower at all tempera- 
tures than the mutation rate of the dark yellow stocks, and this difference is 
highly significant Avhen one stock is compared ivith the other at all temperatures 
It IS apparent that some change in the genic balance has occurred because of the 
mutation of the dark yellow locus to pale yelIoA\% resulting in greater genetic 
stability It is probable that each mutation affects the genic balance and usually 

has pleiotropic effects on the organism 
The differential effect of temperature on mutation of specific characters is 
particularly striking The rate of mutation from dark 3 ^elloAA to pale yelloiv is 
changed significantly between the temperatures of 24 and 30 C, being relatu cly 
stable at the temperatures of 24 or less and becoming increasingly mutable at 
30 and 36 C The changes from dark yellow to white or from pale 3 cUoaa to 
white also are increased at the temperatures of 30 to 36 C All these changes arc 
from a darker color to one of less intense color The change from pale to dark 
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does the mutation from dark yellow to white These observations are probablj 
related and would be expected if the factors for dark yellow, pale yellow, and 
white colony color v ere part of a multiple allelic senes of genes The occurrence 
of small colony type m the pale yellow stock also is higher than m the dark ^ ellow 
stock 

Considenng the mutation rate at 12 C as the control, the temperature co- 
efficient (Qio) for mutation in the dark yellow stock is approximately 5 0, whereas 
m the pale yellow stock the coefficient is about 2 5 Plough (1941) obser\ed 
that mutation frequency m the first and second chromosome of Drosophila had a 
temperature coefficient m the neighborhood of 5 0, whereas Muller (192S) 
observed a Qio between 2 and 3 for mutation m Drosophila 


TABLE 3 

Percentage of dark yellow type colonies when an unstable darJ yellow slocJ segregaUng jer 
dark yellow and pale yellow colony type was grovon at three temperatures 


DARK YELLOW COLOVIES 


Colony 

( 

i 

Initial 


33 C 



24 C 



IS C 


24 hr 

72 hr 

56 hr 

24 hr 

72 hr 

96 hr 

24 hr 

72 hr 



i 

! % 

% 

% 

% 

% 

% 

% 


% 

mm 

1 

40 

52 

31 

11 

70 

62 

60 

83 

SO 


2 

38 

31 

17 

6 

34 

44 

42 

35 

65 


3 

48 

31 

24 

16 

36 

37 

40 

62 

60 

El 

4 

54 

32 

20 

21 

57 

50 

46 

56 

67 

mm 

5 

43 

28 

22 

14 

47 

51 

50 

53 

69 

1 w 

6 

25 

25 

15 

11 

37 

40 

38 

’ 44 

49 

51 

7 

73 

31 

20 


58 

62 

58 

67 

1 74 


8 j 

70 1 

27 

22 


61 

58 

55 

1 74 

75 

67 

9 ! 

65 

40 

15 


54 

58 

56 

64 

/I 


Work With an unstable, dark yellow mutant found in the smooth mucoi s oc 
500 adds e\udence to the mcreased labihty of the dark yellow color gene at 
growth temperatures This imstable vanant segregated for both dark an p 
yellow colonies On serial platmg of mdividual colonies it was discover 
all the pale yellow type colonies were stable, whereas the dark y 
contmued to throw a variable percentage of pale yellow colomes on su 
platmgs Each color type appeared identical, except for color, 
nutrient glucose agar at room temperature, but when the plates ^ 

at 30 C, all pale yellow colomes were normal m size and appearance, n 
yellow ones were relatively very small and ridged A high 
dark yellow colomes contamed pale yellow sectors that appearea 


u th Aliquots c 

Dark yellow colomes were suspended m nutnent glucose broi 
the same colony were grown m nutnent glucose broth at 3 tempe 
change m proportion of the tvo t3p)es observed is given m tab e ^ 

show that after 24 hours’ growth at high temperature the dar } c 


















^ b 11 lor one type to replace the other At 15 C, how- 

ever, there is an increase m the proportion of dark yellow types at the 72- and 
96-hour sampling, although this trend may not be apparent m the mitial stages of 
growth The nature of the instability observed in this stock is not known, but 
since it was impossible to obtain a dark yellow stock that remained pure for 
color, whereas a pure culture of the pale yellow type could be obtained, it is 
beheved that this stock contained a mutable gene that became more labile as the 
temperature increased These observations would mdicate that the mutable 
dark yellow gene became highly mutable at 33 C as compared to temperatures 
of 24 C or lower 


TABLE 4 

Summary of rate of mutation of stock JflO and of six mutant stocks derived from %i xDhtn 
grown on nutrient broth at B4 with calculation of time needed for 
mutation to effect a given change in the 'population 


STOCK 

1 

COLONY 

TUBES 
TREATED 
AS UNITS 

COLONIES OBSERVED 

1 

1 

MUTATION 

RATE 

GENERATIONS NEEDED TOR 
MUTATION AT OBSERVED 
RATE TO EFTECr CHANCE 
TO MUTANT TYRE 


Color* 

Typef 

Total 

Mutant 


1% chanRC 
(VI « 0 99) 1 

50% change 
(?i =0 5) 

400 

1 

Dy 1 

R1 

11 

xio* 

224 

260 

183 0 

548 

38,200 

428 

Dy 

R4 

8 

95 

32 

196 0 

605 

35,200 

441 

Dy 

S 

8 

162 

96 

388 0 

257 

17,800 

491 

Wh 

S 

8 

78 

5 

51 2 

1,921 

135.000 

435 

Py i 

S 

8 

1 145 

17 

2 4 

4.100 

288,000 

446 

Py 

S 

8 

' 212 

13 

1 2 

! 8.200 

676,000 

427 

Py 

R2 

8 

137 

27 

1 133 0 

1 

! 742 

52,000 

1 


* Dy =» dark yellow , Py “ pale yellow , Wh = white 
fR = rough, S — smooth 


IMPORTANCE OF MUTATION AND SELECTION IN EFFECTING CHANGES IN 
BACTERIAL POPULATIONS 

When mtwDtsuned as stock cultures, most mutants of P slcwavitt were stable, 
and variant colony types were seldom found in these stocks even after being 
maintained by routine procedures for several months Occasional mutants uere 
found, however, that were diflScult to maintain as a stock culture because of the 
occurrence of a high percentage of undesired colony types, either of the parental 
type or of some other variant types Such instabiht}'’ could be due to a very high 
rate of mutation, to mutation with subseejuent selection of the mutant, or to 
still other factors To test these possibilities six mutant stocks of stram 400 
were selected on which to determine the mutation rate and the mutant s ability 
to compete with its parental stock in nutrient glucose broth 

Impoi iance of mutation Mutation rates of the six selected mutants and of 
the parental stock (400) are given m table 4 These rates u ere determined after 
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24 hours’ growth m nutnent broth at 24 C There is considerable variation 
among these rates Such vanation is not unexpected if mutation is considered 
random in nature, particularly smce the detennmation of each rate is based on a 
relatively small number of colomes 

To readily observe the change from a culture of one type of organism to a 
mutant type necessitates a mass change m that population For example, in 
the mutation studies of culture 441 an average of about 1,700 colonies would 
need to be exammed before a mutant colony would be obsen^ed, yet after 441 is 
mamtamed as a stock culture for 3 months (3 mass transfers each followed by 
48 hours’ growth at room temperature and storage for 30 days in a refrigerator 
at 7 to 10 C), it IS not unusual to observe more than 50 per cent of the colonies 
of a mutant type Can mutation of the order observed for these stocks effect 
such a mass change m a bacterial population? 

The time required for mutation to change one type to some detenmned 
proportion of mutant types can be calculated If 

q = proportion of mutant type at time t, and 
u = mutation rate, 
then the shift m q due to mutation is 



When fo = 0 


-t 


In q 
u 


+ C 


1 

q = g-MK+e) 


So 


g — u(<+c) 


In ?? = u{h - k) 
So 


The average rate of all mutation in the parental stock 400 is about 1 81 
(table 4) The time required for mutation to change 50 per cent o 6 

the culture from parental type to mutant type would be < = ~ q 000,018 1 

or 38,200 cell generations With this organism about 2,120 f 
the loganthmic growth phase would be required for this number 
to occur The number of generations required for mutation ^ f f V7)e3 
from the parental type to 1 per cent and to 50 per cent of mutan yp 
of the stocks studied is included m table 4 consid^'^ 

If reverse mutation (from mutant back to normal type) wer 



^ * in terms ot tlie number of generations 

required for mutation to effect an observable change of type m a culture Some 
influence, other than mutation, must be actmg on a population to account for 
the change of type observed to occur in cultures such as 441 when earned as 
stock cultures 

Seleclwn within mixed populations If known proportions of two readily 
differentiable strams of bactena were mixed together and the proportions of each 
type followed by subsequent platmgs, the mteraction of one type with the second 
could be measured A change m the relative frequency of one type of mdividuals 


TABLE 6 

Changes tn bacterial populations when known proportions of the mutant 
and parental stocks are grown together 



m respect to the second type would mdicate selective grow’th, and the mtensity 
of selection could then be measured 

The mutants used m the preceding section were initial] j selected to be readily 
differentiated from the parent stram (400) by their colony morphology on agar 
Each mutant was mixed mth stock 400 and the proportion of each tyiie followed 
by platmg at desired mtervals of time after growth in nutrient broth at 24 C 
Data for these platmgs are given m table 5 No mutant tested gren better than 
did 400, the parent stock Relative competitn e abihtj of the various mutants 
IS roughly mdicated by the rate at which change m the tn o types occurs When 
stock 400 was mixed with any of the variants tested m this expenment, replace- 
ment of the variant type by the parental 400 stock n as generally rapid and in tn o 
cases complete The average proportion of the parental type present m the 
imtial moculum was 47 per cent, and after 10 days’ growth it had mcreased t-o 
94 5 per cent This change occurred m less than ISO cells generation For 
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mutation to effect this change at the rate u — 0 0001 would require 5,560 genera 
tions, as determined by the formula developed m the preceding section Obvi 
ously mdividuals of stram 400 are reproducmg more rapidly than those of the 
mutant stocks, thereby increasing the comparative frequency of the 400 geno- 
type Selection in a bacterial population may be considered equivalent to genic 
selection, as discussed by Wright (1931), if one assumes that bactena are 
asexual organisms dividmg by mitosis 
As shown m table 5, selection pressure is low until the logarithmic phase of 
growth is over, then selection pressure mcreases veiy markedly Also it is 
apparent that selection pressure agamst the different mutants vanes This is 
shown m other selection experiments summarized in table 6, in which growth 
m several environments is considered Stocks adapted in one environment 

TABLE 6 


Proporiton of four bacterial types present after growth in mixed culture 
Plated at 48-hour intervals, data average value of 2 tubes 




HOURS OF 
GROWTH 

1 PROPORTIOV OF RESPECTIVE TYPE 

deatr of 

ADDITIONS TO NUTIUEVT BEOTH 

TEMP 





CUtTOlI 



500* 1 

520t 

400J 

427} 



c 


% 

% 1 

% 1 

% ! 

k^urs 

— 


None 

54 

25 


2 

>703 

None 

24 

606 

100 

0 

0 

0 

1% glucose 

12 

798 

1 

0 

27 

72 

>79S 

1% glucose 

24 

462 

0 

0 

100 

0 

500 

1% glucose 

36 

272 

0 


0 

0 

300 

1% glucose -f 5% NaCl 

24 

798 

0 


52 

48 

1 >798 

1% lactose 

24 

798 

47 


44 

9 

>793 

10% glucose j 

24 

366 

78 

4 

20 

1 2 

375 


* Large, mucoid, smooth, yellou colony 
t Small, mucoid, smooth, hite colony Mutant of 500 
t Small, rough, type 1, nonmucoid, dark yellow colony 
§ Rough, type 2, nonmucoid, pale yellow colony Mutant of 400 

may be entirely unadapted m a second environment This phenomenon is 
showm best by stock 520, which m these mixtures was unable to compete inan> 
environment except 36 C This temperature is near the maximum at w ic 
growth will occur 


DISCUSSION 


The ongm of variation and the interaction of the variant with the 
type are distinct and separate problems of bactenal variation so clos y 
related that it is difficult to separate one from the other It is 
m this study the two problems have not been entirely separated, butt ® 
used have allowed little possibility for one to influence the other m a 

detenmne the number of generations for mutation to effect a certain ^ 
population has been developed It has been shown that mutation ^ 
infrequent as to be meffective m causing a rapid mass change in a P 
















w - ‘ >' - » I aetennina- 

tion of the mutation rate by the method used selection may be ignored, since 
selection has been sho'wn to be relatively ineffective in changmg the frequency 
of a genotype until the logarithmic phase of growth has been exceeded In 
determmmg each of these factors— mutation or selection — small corrections 
could be made for the factor not studied Hovever, to do so would necessarilj^ 
complicate the foimula developed and m these cases would not affect the con- 
clusions dra\\Ti 

Mutation and selection have been shown to be two very important factors m 
the evolution of bacterial populations Mutations occur during gron-th at rates 
of the order observed in higher organisms Although the nature of bacterial 
inheritance is still uncertain, the heritable material or genes must be duphcated 
and divided before cell division takes place When the parental genes are not 
exactly reproduced in two daughter cells, mutation occurs 

This study has shown approximately a 10-foId mcrease m mutation rate when 
two stocks of P s*ewaiiii were grown at a temperature of 36 C as compared with 
12 C Intermediate growth temperatures had an intermediate effect on muta- 
tion rate It is mterestmg to note that the phj^sical forces that influence muta- 
tion m high organisms are also very effective in changmg mutation rate in 
bacteria 

Once variation is achieved, w^hether by mutation m a pure culture or by mix- 
ture of types, selective forces may act upon the different genot^qies In these 
experiments the abihty of six different mutants to compete with their parent 
stock was detennmed In nutrient broth none of these variants w as as adapt i\ e 
as the parent stram, yet it is conceivable that variation which is nonadaptive m 
the nutrient broth environment might be adaptive m some different environ- 
ment Essentially this possibility was observed m a comparison of four different 
strams grown together m several environments One strain completely replaced 
all others w^hen gro^vn at high temperatures, yet w as markedly less adaptn e than 
the other strams m all other environments tested Had such a mutation oc- 
curred m a culture growmg m this particular en\ iromnent, it could be expected 
that this mutant eventually would have become the predominant type, occurring 
m any of the other environments this same mutation would have been lost be- 
cause other types were more adaptive 

In higher organisms most mutations are deleterious or nonadaptive If most 
bacterial variation is nonadaptive, it is expected that the greatest amount of 
variation will be found shortly before maximum growt-h of the population has 
occurred on a given media and environment In au}^ environment the least 
adapted genotjqies are lost or occur at a low frequency, whereas those genot3 pcs 
more adapted increase m frequency After environmental changes, formerly 
suppressed types of mutants that arise durmg growiih may replace types adapted 
m the earlier environment Stock cultures that have been grown on a certain 
medium for a long time would not be expected to show sudden changes in their 
distinguishing characteristics as frequently as freshly isolated cultures or as old 
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stocks grown under different environments, because selection for a t 3 q)e adapted 
to grow on the stock media would already have occurred, whereas sdection ^ter 
change to a new environment may cause rather wide shifts in characteristics 
before stabihzation takes place 

When a culture is observed at mtervals over a penod of tune, there may be a 
gradual transformation of one cultural character into another The concept of a 
gradual change is one that is common m bacteriological hterature but one that 
often IS mterpreted as a phenomena m which all or most of the individual cells 
making up the culture change together in a defimte direction In the work 
discussed above evidence has been presented to show that variation onginatesos 
mutation of normal cells, at a rate probably characteristic for each strain of 
bacteria in any specific environment, and selection of types better adapted to 
that environment may then take place The gradual change in the charactens 
tics of a culture then becomes one of changing the frequency of occurrence of the 
individual cells of each specific genotype, the aggregate of which makes up a 
culture 

There is much evidence to support the view that evolution in bacteria is 
controlled by forces sunilar to those known to affect evolution of the higher 
organisms In this paper evidence has been given that mutation and selection 
are important forces in changmg bacterial populations, mutation being the 
source of genetic variation upon which selective forces may be effective After 
variation is provided, evolution may proceed subject to selective forces Under 
this view the static nature of a population implied by the term ^'pure culture w 
misleading and highly problematic a few generations after a smgle cell is isolated 
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SUMMARY 


The mutation rate ot two stocks of Phyiomonas stewartii was 
five growth temperatures, 12, 18, 24, 30, and 36 C Mutations were 
colony color, surface appearance, and size The rate of mutation at _ 
approximately 10 tunes greater than the rate at 12 C, with intermediate 
rates being observed at mterraediate growth temperatures (te 

similar m appearance except for colony color, one bemg dark yel ow 
other pale yellow, differed significantly m their charactenstic muta lon^^ 
The kmd and pattern of mutation were similar in the two stocks ^ 
temperatures The temperature coefficient (Qio) of the dark ye ow 
about 5 0 and of the pale yellow stock approximately 2 5 Certain c 
became very mutable at growth temperatures of 30 to 36 C 
The mutation rate of six stable mutants denved from the dar y 



The formula ^ ^ In was derived to show the generations necessary for a 

given mutant type to increase to a given proportion if the change m t 3 ^es were 
due to mutation alone At the highest mutation rate observed in these stocks 
250 generations are needed for mutation alone to effect a 1 per cent mcrease m a 
mutant type 

Selection as a force m changing frequency of occurrence of a given type m a 
bacterial population was studied with, mixtures of two or more morphologically 
distinct stocks By startmg with known proportions of each type the change 
in the proportion of these types could be followed during growth by plating at 
the desired time intervals Rapid shifts in the occurrence of types were observed 
mdicatmg that selection may be a strong force m changmg bacterial populations 
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Recently, podophyllin, which is a resin of “podophyllum^’ and similar m many 
respects to colchicine, has been used in cvtological research Sullivan and 
Wechsler (1947) report the similarity of the action of podophyllm to that of 
colchicine on young, growing root tips of Allium cepa The spindle mechanism 
was evidently impaired, and pronounced cytological effects were noted m the 
late prophase The present report is concerned with the effect of podophyllm 
on two strains of Eberthella typhosa 

It was of interest to note whether there would be any changes m the colonial 
character of two strains of Eberthella typhosa when exposed to a saturated solu- 
tion of podophyllm in nutnent broth 

The one stram of Eberthella typhosa used in this study produced typical S t 3 TDe 
colonies on nutnent agar A smgle cell of this culture was isolated and put into 
nutrient broth for a previous study concerning the effects of X-rays on this 
stram (Gramger, 1947), as well as for this study The stram vas characteristic 
of the species m respect to all the biochemical and physiological characteristics 
as described m Bergey^s Manual (1939) 

The other stram of Eberthella typhosa used produced typical R type colonies on 
nutrient agar It had been isolated recently in another study and was charac- 
tenstic of the species m respect to all the biochemical and physiological charac- 
tenstics as desenbed m Bergey^s Manual (1939), except for one difference — this 
strain would not ferment the sugar galactose 

The resm of podophyllum (Merck) used m this study was found to be only 
slightly soluble m water and gave a light brown color to the solution A small 
amount (1 gram) was added to each of two flasks that contained 100 ml of 
nutrient broth This amount allowed for a well-saturated solution of podophyl- 
lm m the broth The reaction was adjusted to pH 7 0, and the material was 
then sterilized 

One loopful of a 24-hour nutrient broth culture of the S strain of Eberthella 
typhosa was placed m the flask of nutrient broth containing the podophyllm 
One loopful of the same S strain was also added to a flask containing 100 ml of 
nutnent broth This served as a control The same procedure was followed 
with the R stram of Eberthella typhosa The flasks were then placed in the 
meubator at 37 C 

Subcultures were made daily on nutnent agar plates b}^ the streak method 
from the flasks containing the S and R cultures with the podophyllm m the 
nutnent broth, as well as from the flasks of nutnent broth which sen ed as the 
controls The colonies were studied by means of a colony microscope lens (3X) 
to note any changes m morphology At least 100 well-isolated colonies were 
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studied daily on the nutrient agar obtained from the subcultures from each 
flask for a penod of 30 days There was no difference noted in the colonies 
from either the S or the R cultures of Eberthella iyphosa in the flasks containing 
the podophyllin m nutnent broth, as compared with the S and the R colonies 
from the control flasks of nutnent broth Occasionally, however, an inter 
mediate form was observed from the S culture from the flask containing the 
podophylhn, but this was also observed from the control broth There was no 
difference m the colomal character noted from the R culture in either the test 
flask or the control 


summary 

The resin of “podophyllum’^ (podophyllin) saturated m nutnent broth did 
not have any effect on the colonial character of a S or R strain of Ebeiihdk 
typhosa 
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FREDERICK KAVANAGH 

The New York Botanical Garden, New York 68, New York 
Rccoivod for publication Soptombor 2, 1047 

Each xidditjon to the ever-lengthening list of antibiotic mibstanccs increases 
considerably the difficulty of identifying them short of isolation in pure form 
Methods of identification applicable to extracts, culture filtrates, and concen- 
trates are needed because the substances are first obtained in these forms, isola- 
tion of the pure substance may require long and tedious work with relatively 
large amounts of material 

Dunng the work in this laboratory, which led to the isolation and charac- 
terization of about ten new antibacterial substances, it was necessary to devise 
a procedure which would enable us to decide whether or not we were working 
with new substances 

The data in the literature appeared ample to enable us to identify an unknoivn 
substance by measuring its activity against several bactena and comparing the 
activities TOth those reported for the previously described antibiotic substances 
Frequently, however, several strikingly different activities against the some 
species of bacteria were reported for the same substance When one value was 
ten times another, it was impossible to decide which was the correct one Since 
the details of the test method, composition of the test media, concentration of the 
bactena, strain of bacteria, temperature, and duration of incubation all in- 
fluence, to varying degrees, the activities found for a substance, these inconsis- 
tencies could be explained Some authors, however, gave either no information 
or incomplete information about their test methods To attempt to identify 
an unknown with one of the known antibacterial substances, one might try to 
use the procedures of each author — an impossible task — or to obtain as many 
as possible of the known substances and to use them to compile a consistent 
body of data using one technique with a few selected strains of bacteria, as has 
been done here No attempt has been made to compare the results obtained 
here with those in the literature because of the differences in technique, strains 
of bactena used, composition of test media, and temperatures of incubation 
The activities of many of the antibactcnal substances that have been isolated 
from green plants and fungi are collected in a recent review (Kavanagh, m7b) 

MATERIALS AND METHODS 

This paper reports the activity of 17 naturally occurring and 6 synthetic 
antibacterial substances against 9 kinds of bacteria, as determined by serial 
dilution methods Details of the antibacterial methods arc given elsewhere 
(Kavanagh, 1947) Frequently more than one active substance occurs in the 
culture filtrate or coneentrate, usually such a mixture must be resolved into 
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its components before they can be identified The active material in a solution 
suspected of containmg a new antibacterial substance was fractionated into 
acidic, neutral, and basic groups before an attempt was made to identify them 
Such simple chemical tests as color reaction with feme chloride, thermal and 
pH stability, and susceptibility to mactivation by clarase or penicillmaso ncre 
made The antibacterial activities of the fractions were then measured against 
the 9 species of bacteria The activities against the other bacteria relatnc to 
that agamst Staphylococcus aureus were computed and compared mih the rcla 
tive activities obtained for the 17 naturally occurrmg antibiotic substances 
The antiluminessent activities (Kavanagh 1947a) were also determined 

The values in table 1 are those obtained m the majority of tes^s, although a 
smgle measurement is unlikely to be less than one-half as great or more than 
twice as great The reproducibility of the values is a property not on/y of the 
antibacterial substance but also of the species of bacteria The measured actiu 
ties are sufficiently consistent for purposes of identification, since no single 
measurement determines the identity of a substance 

Ba tena The bacteria used were Bacillus mycoides ATCC 9034, fioei/to 
subtzlis ATCC 9633, Escherichia colt ATCC 9637, Klebsiella pneumoniae 9997, 
Mycobacienum phlei ATCC 10142, Mycobactenum smegmaits (smegma) ATCC 
10143, Pseudomonas aeiuginosa ATCC 10145, the Healley strain of Siaphylcccc 
cus aureus ATCC 9144, and Photobacienum fischeriy the Doudoroff strain, ob- 
tained from G Eake 

The B mycoideSy B subiiliSy and E coli were ‘^standard tester strains^^ of S 
A Waksman 


SUBSTANCES AND SOURCES 

The antibacterial substances were obtamed from the following aspergilhc 
acid from G Rake of The Squibb Institute for Medical Research, citnnin from 
J H Bailey of the Wmthrop Chemical Company, 4,6-dimetho\y-toluquinonc 
from Harold Raistnck, dihydrostreptomycin trihydrochlonde (M 221G » 

about 740 Mg/mg) from 0 Wmters'^einer of the Squibb Institute, gliotoua 
from J D Dutcher of the Squibb Institute, helvolic acid (fumigacin) 

A Doisy of St Louis University, '‘Hogeboom and Craig No 1’ ^roin 
Craig of the Rocke'‘eller Institute for Medical Research, kojic acid 
Commercial Solvents Corporation, mycophenohe acid from Harry bo » 
patulin, penicilhc acid, and spmulosm from Harold Raistnck, the crjs a 
salts of the penicillins from the Commercial Solvents Corporation, 
trihydrochlonde (M 2213, 840 /ig/mg) from 0 Winterstemer, 
trihydrochlonde-calcium chloride double salt (lO^l^SCy 715 
genated streptomycin trihydrochlonde (144X3901, 800 /^g/mg) ^ 

search Laboratones of Parke, Davis and Company, and 
units/mg) from R T Major of Merck and Company The Hoge ^ 

Craig No T* (Hogeboom and Craig, 1946) vas thought 
Noyce, and Dieyfus (1946) to be identical with their “ustin 
of the dihydrostreptomycm and of the hydrogenated streptomycin 



>‘x-nap I oqumone was a commercial product 
was used as received The tolu-p-qumone was an Eastman product that 
had been recrystallized Biformm (Robbms, Kavanagh, and Hervey, 19476) 
pleurotm (Robbins, Kavanagh, and Hervey, 1947a), and cassic acid (Robbms 
Kavanagh, and Thayer, 1947) were isolated m this laboratory The biformm' 
was the purest obtained, the other two substances were crystalhne 
All the antibacterial substances were assumed to be pure unless there was a 
statement to the contrary Except for the streptothncin the amount of un- 
purities in the compounds was too small to affect the activities as measured 
by the serial-dilution method used here 


TABLE 1 

Minimum inhibitory concentration of antihadcrial substances in micrograms per milliliter 


ANTraACTEXlAL SUBSTANCE 

B UY 
COIDES 

B SUB 
TILIS 

s 

AUREUS 

E COLI 

K PNEU 
UONIAE 

p ns 

CHERI 

P AEHU 
GINOSA 

M 

PHLEI 

ir 

SUEOICA 

Aapergillic acid 

2 

4 

4 

62 

13 

1 

1 000 

mm 

16 

Bifonmn 

13 

0 04 

0 3 

1 7 

1 7 

0 0’ 

53 

nil 

3 3 

Cossic acid 

4 

8 

8 

1 000 

500 

0 25 

>250 

8 

30 

Citnnin 

32 

16 

16 

>I 000 

— 

16 



125 

250 

Dihydrostreptomycin 

0 25 

0 5 

0 0 

0 25 

0 13 

200 

4 

0 25 

1 

4 6-Dimethoxy toluqmnone 

32 

4 

1 

260 

125 

2 

1 000 

32 

16 

Ghotoxm 1 

0 2fij 

0 26, 

0 15| 

25 1 

6 

0 25 

500 1 

4 

4 

Heholic acid 

4 

16 1 

1 

>1 000 

4 


— 

>32 

>32 

Hogeboom and Craig No 1 

I G 


6 

>50 

>50 

1 G 

— 

6 

13 

Hydrogen peroxide 

31 

4 

8 

1 

' 5 

1 5 

8 

31 

4 

Eojic acid 

12 500 


250 

2 500 

620 

2 500 

5 000 

2 500 

310 

2 Methyl 1 4 naphthoquinone 

12 

3 

! 1 7 

220 

28 

3 

>400 

' 14 

I 36 

Mycophenohc acid 

600 

HfMi 

250 

500 

>1 ooo 

125 

>1 000 

500 

250 

Patulm 

16 

4 

8 

8 

8 

0 25 

125 

16 

1 

Femcilho acid 

32 

8 

16 

64 

64 

1 

1 000 

64 

32 

Penicilhn G 

30 


0 016 

14 

no 

16 

500 

14 

450 

Penicillin X 

30 


0 03 

14 

240 

8 

500 

29 

470 

Pleurotm 

3 


0 8 

>500 

>600 

0 

— 

>32 

32 

Spinulosin 

125 

125 

63 

250 

250 

>16 

500 

250 

500 

Streptomycin 

0 13 

0 25 

0 03 

0 25 

0 13 

200 

4 

0 25 

1 

Streptothncin 

100 


0 1 

0 3 

0 1 

20 

2 

7 

14 

Tolu p-qumone 

4 

> 1 

I 

25 

13 

0 06 

125 

16 1 

4 


RESULTS 

The values given in table 1 are the mmimum concentrations of the substances 
in micrograms per millihter that prevented evident gro^vth of the bacteria for 
24 hours at a temperature appropriate for each species of bacterium The 
values for streptothricm are for the compound as received, correction for impuri- 
ties was not made The values for streptomycm and dihydrostreptomycin are 
computed for the free base The two samples of streptomycin ^\ere equally 
active, as were the two samples of dihydrostreptomycin 
The three species of bacteria generally most sensitive were B sublilis, S 
aureics, and P fisohen, a gram-negative bacterium The absolute activities 
against S aureus ranged from 0 016 for penicillin G to 1,250 for kojic acid, ^\ith 
most of the values less than 16 micrograms per milliliter B suhtilis and S 
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aureus were about equally sensitive P fischen was the most sensitive organs 
for SIX of the antibacterial substances but was the least sensitive to streptoin}cm 
and dihydrostreptomycin The least sensitive of the bacteria was P acrwjm^ 
which was inhibited appreciably only by hydrogen peroxide, streptom}cin, 
dihydrostreptomycin, and streptothncm The data presented here, as well 
as those m the antibiotics literature, mdicate that the activity of a substance 
agamst one species cannot be predicted from the knowledge of the actu ity agains* 
another species of bacteria 

The antibacterial substances can be put mto two groups those active against 
the gram-negative bactena and those much more active against the gram posi 
tive than agamst the gram-negative bactena The EC/SA ratio computed 
by dividing the mmunum concentration that inhibits E coli by that needed 
to inhibit S aureus provides an mdex for placmg the substance in one of two 
quite distmct groups The naturally occurrmg antibactenal substances for 
which EC/SA < 16 seems to mclude those generally recognized to be active 
against the gram-negative bactena The naturally occumng substances, for 
which data are reported here, that are not m the group active against E colt 
have EC/SA > 100 The members of a group can be separated from each other 
by utibzing the activities agamst some of the other test bactena 

The activities of the antibactenal substances have been reported as concen 
trations measured m micrograms per miUihter In comparmg compounds with 
the greatly different molecular weights found among these substances (from 34 
for hydrogen peroxide to 581 for streptomycm base), molar concentrations and 
not weight concentrations should be compared Compounds with equally 
active molecules but different molecular weights will then have the same activn 
ties, whereas a companson on a weight concentration basis would indicate that 
the substance with the lower molecular weight is the more active For examp c, 
peniciUm G and streptomycm are equally active against S aureus when molecu ar 
concentrations are compared Many other such comparisons are possible using 
the data m table 1 


APPUCATTON OF THE METHOD TO IDENTIFICATION OF AN UNIO^ OWN StTBSTANCK 


As an example of the usefulness of the data of table 1 m identifying ^ 
bactenal substance, results obtamed with the crude culture filtrate from 
hum claviforme may be cited This filtrate was presumed to 
(Cham, Florey, and Jennmgs, 1942, 1944) Since the concentration of t e a 

substance^ was unknown, the antibacterial activities agamst four 2 

tive to its activity against S aureus were computed and are given in 
The EC/SA ratio of two, bemg less than 16, put the unknown ^ ^ 
the group active against E coh The naturally occurring 
group include aspergiUic acid, biformin, patuhn, penicillic aci , ^ jfj 
streptomycm, and streptothncm The high relative activity agai 
or B subtilis eliminated biformm, streptomycm, and streptot cm 
Eideration The relative activities against E coh and K pneu7nori^(^^ 


^ Only one substance with measurable activity is 


assumed to be present 



^ ^ II 

The great sunilant}’- between the relative activities of patulin and penicillic 
acid (identical for two bacteria) emphasizes the necessity for considermg the 
activity against all nme bacteria when attempting to identify an irnknoTim 
substance Antibacterial methods can make identification highly probable, 
but only chemical methods can make it certam 

TABLE 2 


Comparison of a filtrate contaimng an unknown suspected of being 
patulin with seven known substances 


SUDSTANCE 

ACTIViri ILELATZVE TO S aur€us •= 

1 

B tnycoides 

B subhits 

E coh 

K pueunontat 

Filtrate 

1 

0 5 

2 

1 

Aepergillic acid 

0 5 

1 

16 

3 

Biformin 

40 

0 1 

6 

5 

Patulin 

2 

0 5 

1 

1 

Pemcilhc acid 

2 

0 6 

4 

4 

Spinulosm 

2 

2 

4 

4 

Streptomycin 

4 

8 

8 

4 

Streptothncm 

600 

1 

1 

1 


DISCUSSION 

Since specific chemical tests suitable for application to very dilute solutions 
or very impu're preparations of antibacterial substances are unkno'wn, use must 
be made of biological methods The most useful biological property, the one 
that by definition is common to this chemically heterogeneous group of organic 
compounds, is the abihty to prevent the growth of microorganisms Detection 
of the presence of an antibiotic substance by means of its inhibition of a micro- 
organism IS relatively simple because 011I3'’ one organism is required The use 
of antibiotic action to identify a substance, however, necessitates the use of 
several microorganisms and requires a knowledge of the action of all of the known 
substances against this same set of microorganisms Furthermore, a stand- 
ardized technique must be used with the unknowm and with all of the identified 
substances 

Too much of the published data on the antibacterial activities are good only 
for puttmg a substance mto one of tw^o groups, those active against gram-positive 
bactena or those active agamst both gram-negative and gram-positive bacteria 
(the substances with activity only against fungi are not considered here) Most 
of the “bacterial spectra^’ were made with medically important bacteria m an 
effort to ascertam possible therapeutic applications of the substances Fre- 
quently such lists of bactena contain feu that are available m many laboratoo^ 
coUections, few that are relatively nonpathogenic, and feu that might be valuable 
m Identifying antibiotic substances All of the antibacterial substances of 
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natural ongm have been tested for activity against only one species of bacteria, 
S aureus 

The nine species of bacteria used m this work were selected because thej grcR* 
rapidly m simple media, were susceptible to some of the substances, and differed 
greatly m their susceptibility to different substances This is the first use of a 
species of Photobacienum m an antibacterial test, the usual test with it is an 
antiluminescent one (Rake, McKee, and Jones, 1942, Kavanagh, 1947a) It 
proved to be one of the more valuable test bacteua If these strains of bacteria 
are employed in the test procedures devised for them (Kavanagh, 1947), other 
workers should be able to obtain the activities given in table 1, thus eliminating 
the necessity of actually determmmg the activities of all of the kno^vn substances 
each time an unknown is identified 

If only one substance is to be identified, chemical purification and identifica 
tion possibly would be less time-consummg than the antibacterial method 
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STOIMART 

The activities of 17 antibacterial substances of natural origin and 5 syntlictic 
ones were measured against 5 gram-positive (2 acid-fast) and 4 gram negative 
species of bacteria 

Bacillus suhtihs^ Staphylococcus aureus^ and Photohacterium fisrhen were fhc 
most sensitive, and Pseudomonas aeruginosa was the least sensitive, of the nine 
bacteria 

The tentative identification of patulm m a culture filtrate is given as an il 
lustration of the application of the antibacterial method 


REFERENCES 

Chain, E , Flohey, H W , and Jennings, M A 1942 An antibactenal subatanco pro 
duced by Pemcilhum claviforme Bnt J Exptl Path , 23, 202-205 
Chain, E , Floket, H W , and Jennings, M A 1944 Identity of patulm and clnnio 
min Lancet, 1, 112-114 f i. 

Doering, W E , Dubos, R J , Noyce, D S , and Dreyfus, R 1946 Metabolic pr 
of Aspergillus ustus J Am Chem Soc , 68, 725-726 , ^ j 

Hogeboom, G H , and Craig, L C 1946 Identification by distribution 

Isolation of antibiotic principles from Aspergillus usUts J Biol Chem , ^ 

Kavanagh, F 1947 Estimation of antibacterial substances by serial di u ion 

Bull Torrey Club, 74, 303-320 « n ^or 

BIa^anagii, P 1947a Antiluminescent activity of antibacterial substances 
rey Club, 74. 414-425 

Kavanagh, F 19476 Antibacterial substances from fungi and green p nn 

inEnzymoIogy, 7, 461-511 niv of 

Rake, G , McKee, C M , and Jones, H 1942 A rapid test for the actn^i-y 

antibiotic substances Proc Soc Evptl Biol Med , 51 , 273-274 qidioroyccV* 

Robbins, W J , Kavanagh, F , and Her\ ey, A 1947a Antibiotics from a 

I Pleuroius grtseus Proc Natl Acad Sci US, 33, 171-176 
Robbins, W J , Kavanagh, F , and Hervtby, A 19476 Antibiotics from b 

II Polyporusbiformts Proc Natl Acad Sci U S , 33, 17G-I ' 

Robbins, W J , Kavanagh, F , ant) Thayer, J D 1947 Antibiotics from Ca 

Bull Torre} Club, 74, 287-292 



... V . ..iiuwb IN STAPHYLOCOCCUS 
AUREUS BY CHEMICAL TREATMENT 
OF THE SUBSTRATE 

ORVILLE WYSS, WILSON S STONE, and J BENNETT CLARK' 

Department of Bacteriology and the Genetics Laboratory, The University of 

Texas, Austin, Texas 

Received for publication September 2, 1947 

The literature on the induction of mutations in microorganisms by irradiation 
might well begin with the report by Henri (1914) on the appearance of two new 
forms of the anthrax bacillus subsec^uent to exposing these organisms to ultra- 
violet light That Henri appreciated the significance of his findmg is evident 
from his conclusion, “La lumi&re apparait done amsi comme un agent fonda- 
mental de revolution mtervenant par I’attaque plus ou moms profonde des 
functions nutritives mtimes de la cellule ” However, smee many of the implica- 
tions of studies on bacterial mutations are apparent only by liberal use of analogy 
to the genetics of higher forms, similar studies were necessarily retarded awaitmg 
the development of the modem concepts of gene mutations The recent interest 
m bacterial genetics has resulted m excellent reviews on this subject (Luna, 
1947 Braun 1947) One observes that in addition to radiations a variety of 
other methods are available for the production of mutations Auerbach (1945) 
demonstrated that mustard gas would produce mutations in Drosophila melano- 
gasler, and a similar treatment of microorganisms with the nitrogen or sulfur 
mustards, acenaphthene, and other chemical agents has resulted in the enhance- 
ment of the mutation rate , , , 

Many of the reports on mutations m microorganisms are concerned mth 

selection of naturally occurrmg mutants from the pop a ion ^ , J 

Pinner and Voldnch (1932) observed the production of ® 

colomes of Staphylococcus aureus, when a strain of that culture from 

a smde cell and grown in nutnent broth was streaked on nutnent agar H 
the oiamsms werftransferred routinely m nutrient broth f 

pleura! fluid with a high agglutmm titer for the 5 
finaUy appear to be almost a pure Staphylococtncs amis ^ 

difficult to decide to what (1939) and Steinberg 

mutafon By the addition ol a wide variety of ‘J’' 

authors consistently found mutations with aspergi i i numbers of 

dium used for molds, was particularly active m producing large numbem 

‘ This atudy was undertaken m co operation The opinions nod 

the Quartermaster Food and Container Insti u e or news or endorsement of 

conelusions are not to be construed as neeessanly reflecting the views 

the War Department 
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mutant forms These mutants vrere stable over a long senes of transfers on 
normal media The tjqjes of mutations observed were snmJar t o those occurring 
spontaneously , the number of mutants, however, was increased tremendous!) bv 
the addition of vanous substances to the medium Most of the substance 
employed were selected because they reacted with the ammo groups on protein^ 
The authors suggested that the chemicals reacted with the protein components 
of the genetic mechanism and showed that some reversion occurred when th*' 
mutants were grown m a medium contammg excess d-lysme 

Usmg another approach, Stone, Wyss, and Haas (1947) mcreased the resistanco 
of S auretis to peniciUm and streptomycm by irradiation of the substrate pno 
to moculation Several Imes of evidence were presented m an attempt to rule 
out selection as the determining factor m these experiments They suggc'* 
that modified substrate molecules may be assimilated b)" the organism and 
built mto inexact replications of the genetic mechanism To test this thcorv 
we have treated the substrate with a number of chemical agents and have mco^ 
ured the effect of such tTeatxaeut on the mutation rate of S eurm la moi 


TABLE 1 


Increase in muiaiion to penicilhn and streptomycin resistance by ireattnent of hroth 
with hydrogen peroxide one hour pnoT io inoculation _ 


1 

1 

[mncitiJN 0 05 moTS/ia 

stmttovtcw 

TEEATlTEJrr OT BROTH 

TOTAt couirt 

CoIOB»M 1 

i 

T^uIbdXs/ 
milUoB ' 

1 

Colonics 


Control 

6 ppm H 2 O 3 

470.000. 000 

330.000. 000 

1 ’ 

2,300 

50,000 

49 

[ 151 

8,800 

1 230,000 

Bi 


cases unstable chemicals were used to treat the substrate so that at the tunc o 
moculation no residuum remained to obscure the result by possible direct ac ion 
upon the organism 


EXPERIMBNTAIi 


The methods emplo3’'ed involved the detection of penicillin- and 
resistant mutants m S aureus They are essentially identical int 
ported by Stone et al (1947) The substrate, usunlb" nutrient broth, was 
with the chemical agent and permitted to stand at room temperature ^ 

If tests indicated the disappearance of the agent, the medium 
with about a million cells per ml from a 3 ’'oung broth culture Residua ^ 
peroxide was checked qualitatively by starch-iodme, by ^ 

titanium sulfate method of Bonet-Maury (1944) The latter met 
ployed with the Coleman spectrophotometer, it permitted quantita 
ments to 0 1 ppm, but m the presence of broth it was somcuha " 


made The export- 
mini 


After mcubation the assa 3 " for resistant mutants was 
reported m table 1 shows the plate counts w hen organisms j inc^-^ 

broth and m broth treated with 6 ppm hydrogen peroxide 1 our 
tion 


■ • or untreated broth rvere able to form 
colonies, of the organisms gromi on the broth treated with hydrogen pero'nde 
50,000 out of a total population of 330 milhon per ml were able to grow Thus 
the number of mutants per milhon was mcreased over 30 times A similar 
situation exists with the streptomycm mutants A number of colonies were 
picked from the plates made from the tieated broth and the drug resistance was 
shown to persist even after serial transfer on plam nutnent agar These organ- 
isms were no more resistant to peroxide, nor did they grow faster m the peroxide- 
treated broth, than the control organisms 

TABLE 2 


Effect of concentration of hydrogen peroxide and other oxidizing agents 
on the mutation rate 



TREATMENT OT BEOTH 

irUTANTS FEE MILLION 



Pemcillm 

Streptomycin 

Control 


0 05 unUs/ml 

8 4 

3 UHits/ml 

26 7 

H,0, 

9 ppm 

no growth 

no growth 

H,Oj 

3 

400 0 1 

1334 0 

H.O. 

1 

26 7 , 

84 0 

H,0, 

3 

10 0 

23 4 

Cl, 

125 

no growth 

no growth 

Cl, 

75 

10 0 

30 0 

Cl, 

6 

12 0 

23 0 

I. 

6 

2 5 

' 10 6 

NaNO, 

500 

— 

25 0 

EMnOi 

10 

20 0 

36 0 

Control 


8 0 

33 4 

Aerated with oxygen 

7 0 

30 0 

Irradiated 15 minutes (ultraviolet light) 

180 0 

700 0 


Although at the time of inoculation no peroxide could be detected m the broth 
treated with 6 ppm H 2 O 2 , experiments on concentration ^ere mstituted to ob- 
serve whether or not mutations would be mduced by treatment of the broth ^^th 
concentrations well below the amount inhibiting gro^^th As shown m table 2 
the bacteria failed to make visible turbidity in 18 hours in broth treated wuth 
9 ppm H 2 O 2 However, even the treatment with 3 and 1 ppm peroxide resulted 
in a defimte mcrease m the mutation rate 

The addition of 6 ppm Ch or I 2 failed to produce any mcrease m the mutation 
rate In fact, when the concentration of CI 2 added to the broth was increased 
to a value just short of that which ga\e a free chlorme residual and thus pre- 
vented growth, the mutation rate to streptomycm and penicillm resistance still 
remamed essentially that of the control High concentrations of NaXO- failed 
to mcrease the mutation rate to streptomycm resistance (penicillm not tested), 
although m this case much of the mtnte remamed m the broth at the tune of 
inoculation The nutrient broth used was of a neutral pH, so the reaction with 
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ammo acids suggested by Sternberg and Thom could not be expected to occur 
m this experiment Potassium permanganate added at a level which reacted 
completely with the broth failed to affect the mutation rate Bubbling pure 
oxygen gas through the medium for 1 hour prior to inoculation did not ha^e aii> 
effect on the mutation rate of organisms subsequently moculated therein These 
experiments suggest that the effect of hydrogen peroxide on the mutation rate 
IS fairly specific and not merely the result of growmg organisms in a medium with 
a high oxidation-reduction potential 

The tune elapsmg between the addition of 6 ppm of peroxide to the broth and 
inoculation was varied from 15 mmutes to 22 hours without markedly affecting 
the result (table 3) Withm experimental error the mutation rate was increased 
about 5- to 10-fold m the case of pemcillm and 10- to 20-fold in the case of strep- 
tomyem From these data it appears reasonable that the effect of the h}drogcD 
peroxide is due to its reaction ^vlth some component in the medium 


TABLE 3 

The effect of time elapsed between treatment of the broth with 6 ppm 
hydrogen peroxide and inoculation 


TDIE BEFORE INOCULATIOK ' 

1 

MUTANTS PI 

Penicillm 

i 

0 OS unxtsfml 

15 nun 

73 5 

40 nun 

97 5 

2 hours 

74 8 

3 hours 

64 0 

5 hours 

60 3 

22 hours 

42 7 

Control (no H^Oa) 

9 4 

. 


Strcplornrcifl 


J tni/i/nl 

Ml 0 
795 0 
C21 0 
848 0 
678 0 
331 0 
40 4 


In order to detennme whether or not a selective action of the treat c ro ^ 
was responsible for the result the rate of appearance of the mutants in the ) oun^ 
culture was studied Platings made at 0, 3, 6, and 24 hours after inocu a 
mdicated that m the peroxide-treated broth the mutants appeared at a ra 
could best be explamed by assuming that the mutations were induced > 
substrate Very careful measurements on growth rates of mutant su cu 
of the parent stram, and of mixtures of the latter with mutant cultures ^ 
that m neither normal broth nor peroxide-treated broth did popu a loa c 
occur which would permit attnbutmg the results to a selective action 
Several chemical substances have been treated with hydrogen 
then added to normal broth For example, 100 mg of pheny 
dissolved in 100 ml of water to which 100 ppm hydrogen pero^ e 
After an hour one ml of this mixture was added to 50 ml of brot ^ ^ 
with S aureus AJter a suitable growd;h period the resistant mu 
termmed and compared with results obtamed with contro ^ {i* 

results show a considerable enhancement of the mutation ra c 




euect was due to the 


residual peroxide acting on the broth components 
Other substances givmg the mcreased mutation rate when treated with per- 
oxide are tryptophane, tyrosme, adenine, uracil, and guanine Tzyptophane is 
reported to be converted to indole acetic acid by the action of hydrogen peroxide 
or ultraviolet light, but the addition of indole acetic acid to the medium had no 
effect on the mutation rate A number of reducing agents such as thioglycohc 
acid, sodium sulfite, and sodium sulfide had no effect on the rate of mutation 
Stahmann and Stauffer (1947) treated fungous spores with meth3d-6w-(/?- 
chloroethyl)-amme and obtained a high mutation rate measured by colonial 
variation The concentrations used (0 01 m) killed a large percentage of the 
mold spores m 30 mmiites and showed a pronounced inciease, not only m the 
fraction of the survivors which were mutants, but in the total number of mutants 
in the smaller surviving population We empIo3^ed ^rw-G5-chloroethyl)-ainme, 
which at equivalent molar concentrations showed about the same killing rate 
with S aureus cells as the methyl derivative used by Stahmann and Stauffer 
exhibited with the mold spores "When 90 per cent of the S aureus cells were 
killed, the rate of occurrence of penicillin-resistant cells was found to have m- 
creased 20-foId When this substance was added to the broth at several con- 
centration levels and permitted to react for 4 hours bef oie inoculation, it resulted 
m a pronounced increase in the number of penicillm-iesistant and streptomycm- 
resistant cells m the resultmg population It is believed from lack of odor and 
mhibitory action of the broth at the time of inoculation that the mustard had 
completely hydrolyzed before the cells were added The action here, also, 
appears to be one of mutation induced by action upon the substrate 
The correlation between the action of h3^drogen peroxide and ultraviolet light 
IS difficult to determine Irradiation of water by ultraviolet under the conditions 
of our experiments produces a considerable amount of peroxide Similar irradia- 
tion of the broth produces no detectable residual peroxide smce it appears to 
react quickly wuth broth constituents Experiments in which catalase was 
added to the broth dunng irradiation and after treatment with hydrogen peroxide 
gave conflictmg results 


SUmiAKY AND CONCLUSIONS 

These data indicate that treatment of broth with ultraviolet light is not a 
unique mdirect method of inducmg mutations Hydrogen peroxide reacts 
with some broth components, and an increase m mutant forms appears when 
orgamsms are grown in their treated medium, although no peroxide remains 
at the tune of inoculation A similar action occurs with a nitrogen mustard 
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The relationship between age and immunity has long been recognized The 
^‘diseases of childhood’’ and the Shick and Dick susceptibility curves in the young 
furnish illustrations of this relationship Hirszfeld, (Halber et al , 1927) pro- 
posed the theory that certain so-called '^normal” antisubstances (e g , isohemag- 
glutinins) are inherited, and these become functionally mature at some specific 
tune m the mdividual’s development — a characteristic referred to as “serological 
matunty ” Baumgartner (1934) has reviewed the literature on the relationship 
of age to imm unological reactions through 1933 and has given evidence to sub- 
stantiate Hirszf eld’s hypothesis Kahn (1936) demonstrated that the localizmg 
power of the cutaneous tissues for protem antigens possessed by immune adult 
rabbits is much more marked than the similar capacity of young rabbits 
Wendt (1925) claimed that, though the majority of sera from cattle were 
Wassennann-positive (icebox fixation), calf sera were usually negative Mackie 
and Watson (1926) observed that the sera of adult cattle, sheep, and rabbits, 
with few exceptions, gave positive reactions with the Wassermann (37 C fixa- 
tion) or Sachs-Georgi tests, but the sera of some calves, lambs, and pooled 
young rabbits were usually negative Sherwood, Bond, and Clark (1941) and 
Kemp, Fitzgerald, and Shepherd (1940) have reaffinned these observations and 
reported similar findings with beef, dog, and sheep sera 
In the experiments to be described serologic studies with sera from rabbits 
were made m relation to the age of the animals Newborn rabbits had their 
birthdays tattooed on their ears and were first tested serologically vhen they 
became about 45 to 55 days old They were then retested at mtervals of 14 to 20 
days until five or more exammations had been made The v eight of the animals 
when first tested was about one pound, and the blood was obtamed b}'' cardiac 
pimcture The Kahn standard and differential temperature tests (I^ahn, 1946) 
were employed, and they were performed on unheated portions of serum as well 
as on portions heated at 56 C for 30 mmutes 
Thirty-one anunals, including 10 females and 21 males, were used in the study 
The results in nme representative cases are included in table 1 The tabulated 
results of the differential temperature tests mclude only the reactions obtained 
at 1 C The reactions obtamed at 37 C were found to be essentially negative 
and were not mcluded in the table 

RESULTS 

It will be noted from the representative cases listed in table 1 that all animals 
gave negative flocculation reactions with the standard Kahn test when first 

* Present address Horace H Rackham Arthntis Unit, University of Michigan Hospital 
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Increase in potency of serologic reactions tn ra6?>i(3 v>iih age 


774 


STAKIiET MAKCtFS AND BETOKN I. KAHN 


[rot 54 


+++++ 
“1 — I — I — I — b 
+++++ 
++++ 

+++ 

+ + 

1 I I I 1 


) ) -f 4- 

+++ 

I I -H+-I' 


Mill 


I ++++ 

) 1 -H-h+ 


I I I I 1 



^ <s ^ 

o oocooco 

Cl ^r-t 


I -f+++++ 
++'i“-f +*f 

++++++ 

I ++++++ 

+++++-}- 

+-h++-f+ 

1 4* I 4-4'+4' 
4- 4'-f4'4- 
4- 4" 

+ 4“ 


) 4-4-4-4-+4- 
4* 4“ “4 4* 4* 4“ 
4- 4- 4-4-4- 4- 
4-+4- 4-4-4- 

I 4-4^-H4-K4i 
4- 4- 

4- 
4- 

1 M 1 11 ) 


I 4-4'4‘4-4'4“ 
4-4-4-4-4-4* 
4'4-4-4-4'-}- 
4“ 4“ 4-4- -44- 

I 4-4-4i4--f4' 
4- 


/ I r ( ( I I 



rH CO CO O 00 O 
O CO O CO o ^ 


I 4-44-4- 
-4-i-4--4 
4-4-44- 
4444 




o COCO^*2 
IQ O 00 O £2 


Cic 


1 1 


'^370 > 



Babbit 491 (male) 


+ +++++ 
4 4"j — hH — h 
4 44444 


+++++ 

+++++ 

+++++ 


++++ 
+ +++ 
++++ 


1 +++ 
+++ 
+++ 
+++ 

1 + +++++ 
+ +++++ 
+ ++++ 
+ ++++ 


44444 

44444 

44 - 1.44 

44444 


1 14444 
4444 
4444 
44 4 


1 444 

-l — f"4 
444 
444 

14 1 1 444 

4 
4 
4 


44444 
4444 
4444 
4 44 


1 1 -H-H-H4 
4 
4 
4 


! -1 — 1 — h 

-{— {“4 
444 
444 







>-~sO 

CQCS 

I 4444 I 44 
4 4 

4 4 


44444 

44444 

4444 

4444 


I 14444 
4-f44 
4-f44 
-{’-f-4-i- 


I 1 444 
444 
444 
444 

1 +-H 1 -« 1 1 -H 


1 4444 
4444 
4444 
4444 


1 14444 
4-{-44 
44-{- 
44-i- 


i I -1 — 1 — h 
444 
444 
444 

1 1 1 1 1 -H 1 1 

0 

X 

1 4444 
4444 
4444 
4444 

0 

'3 

1 M -H I -H 

0 

P 

1 1 1 +-H 
+ 


00 




CQ 

0 



0 




B 


1 4444444 
444444 
444444 
444444 

-4-3 

a 

44"! — h4 
4444 
4444 
4444 

-4-3 

1 14444 
4444 
4444 
444 

a 

I 1444 
444 
-{ — 1 — [- 
444 

1 i444 14-« 
4 4 

4 


-«4444 

4-444 

4444 

44 4 


[ t ( 444 
444 
444 
444 

! 

I 1 +44 

1 -{-•{ — i- 

444 
444 

M 4 1 11 i 1 


1 4 1 -H4 


! ! 1 1 1 -H 


1 1 -H-H-H 

1 1 4 1 4 1 4 1 


1 4444 
“i— {-44 
4-444 
4-444 


Ml +++ 
+++ 
+++ 
+++ 


I 1 444 
4“{ — {* 
44 
44 

i 1 1 I M M 


1 4444 
4 4 

4 4 

4 


1 1 1 -H-H + 
-{- 
4 


1 1 I -H-H 

1 1 1 1 I I I I 


I -H-H-H I 


I I 1 I I -H 


111(1 

»QOQOOCO*^r«3«P 

■*—1 »— f 






^ 

W3 CP COOCQ 


I ++4--^ 
+4+ 
+4-h 
444 

I I 444 
444 
444 

44-i- 


I 444 
4 
4 
4 


I I H — h4 

■i — f-4 
444 
444 

I 1444 
444 
44 
44 

114 14 


^ 1 

•a I 


I 1444 
444 
444 
444 

I I 444 
-i — I — f" 


I 1 ( I I 


M I 44 
44 
44 
44 

I I I 44 


(MM 


o 

*3 

3 


-H3 

P 

a c 

m O 
t ^ 

ta 

4s 

4a 

4 J 

4“ 

ts 

4g 

4« 

4«J* 

CQ ^ 

o C 
** 

H-g 

>% s 

H# 








776 


STANLEY MAHCUS AND REUBEN L KAHN 


[voL 54 


examined at ages of api)roximateIy 45 to 55 days When imhcatcd scrum, 
instead of serum heated at 56 C, was employed, the same test ga\c ncgatnc 
results m all mstances except one in which a very weak reaction was noted 
When the tests were conducted at 1 C with heated serum, again only one rabbit 
gave a weak flocculation reaction, with unheated serum, however, tvo definite 
flocculation reactions were obtamed It would appear that the sera of rabbit^; 
under 2 months of age show little or no serologic reactivity with hpid antigen 
On successive exammations the Kahn standard test did not begin to gue po-i 
tive reactions until the rabbits were approxunately 3 months of age But Knhn 
tests with unheated sera began to give positive reactions at about 2 months of 
age Reactions appeared earliest, remamed most consistent, and reacbcil 
their highest quantitative levels in the case of the unheated seia tested at 1 C 
Seven of the 31 rabbits tested showed reactions typified by rabbit 491, lo, 
a persistently negative Kahn reaction in the standard test, weak fluctuating 
reactions with heated sera at 1 C, and fairly consistent flocculation with un 
heated sera both at room temperature and in the cold The majority of aninn!^ 
showed the patterns illustrated by rabbits 148, 498, 487, and U493 in the tabic, 
beginning with negative reactions when under 2 months of age, approaching 
positivity between 2 and 3 months, and remaining positive after that tunc 
A few of the animals showed patterns which varied somewhat from the aboic, 
illustrated by rabbits 497, 478, 481, and 482 

SUMMARY 

Data are presented showing that Kahn reactions given by rabbits tend mtlun 
limits to become stronger wuth the increase m age of the animals Rabbits 
tmder 2 months of age are generally serc^-negative The appearance of positive 
reactions after 2 months is relatively common Unheated sera tend 
stronger Kahn reactions than sera that have been previously heated at 56 C or 
30 mmutes Bbghest quantitative titers are obtamed when tlie tests arc con 
ducted at a low temperature (1 C) with unheated sera 
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Many theories have been proposed to explain the acid-fast property of the 
tubercle bacillus, but no satisfactory explanation has yet been given It is 
suggested that the property is dependent upon the penneability of the cyto- 
plasmic membrane Evidence will be presented m support of this concept 
It will be shown that when the Ziehl-Neelsen techmque is employed the dye 
exists withm the cell in two distmct portions a small portion is bound to the 
c 3 rtoplasm and the remamder is free The characteristic color of the stamed 
bacillus IB due to the free dye which can be removed without altermg the acid- 
fast property In the past, mvestigators (Koch, 1897, Aronson, 1898, 1910, 
Tamura, 1913, Anderson, 1932) have believed that this phenomenon of acid- 
fastness might be based upon the properties of chemicals isolated from the 
tubercle bacillus or of complexes of these chemicals At one time there was a 
general belief that the presence of a wax sheath around the cell was responsible 
for its peculiar staimng charactenstics, but this is no longer tenable after the 
study made by Knaysi (1929) Some authors mcludmg Ehrlich thought that 
acid-fastness was related to the permeability of the cell membrane, but this 
structure was not clearly defined and experimental evidence was not given 
The one point on which there is complete agreement is that the integrity of the 
cellular structure must be mamtained to preserve the acid-fast property 

Smce our proposed explanation of the mechanism of acid-fastness is based on 
the function of a cellular structure, a brief review of pertment information on 
the cytology of the tubeicle bacillus is indicated 

The cell wall of the tubercle bacillus has been observed directly with the 
electron microscope by Mudd and Anderson (1944) Mudd and Mudd (1927) 
demonstrated the hydrophobic property of the surface of the bacillus The 
apparent functions of the cell wall are to protect the cell from mechanical injury 
and to impart to the cell its characteristic shape 

The electron microscopic studies of Mudd, Polevitsky, and Anderson (1942) 
and Mudd and Anderson (1944) give direct evidence of the cytoplasmic mem- 
brane m bacteria Accordmg to Kna 3 '’sP (1929, 1938, 1944, 1946), who refers 
frequently to this structure, the membrane of the tubercle bacillus probably 
consists of hpids and protem With ordinar}^ technique it appears to be the 
external boundary of the cytoplasm rather than a separate stricture 

EXPERlMENTAIi RESULTS 

Although there is some evidence that the cell wall of the tubercle baciUus 
retams small amounts of certam other dyes, our obsenations suggest that this 

« A recent personal communication from Knaj-si states that what he referred to m the 
ceU “membrane” in his paper (1929) is now usually known as the cj-toplasmic membrane 
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structure does not stain acid-fast to a degree that would add to the color of the 
bacillus as seen by the ordinary Lght microscope The following obsenatioa 
indicates that the portion of the cell which is acid-fast-staming is within ih 
cell wall 

Cells from a yoimg, tively growing culture of tubercle bacilli are stamcd 
sobdly by the Ziehl-Neelsen technique Later, because of prolonged unfavorable 
emaromnental conditions, granular forms appear In these older bacilli the 
cytoplasm separates into granules that vary m size and number and stain stron^h 
acid-fast Ordmanly no stained matenal is seen between the granules, but 
occasionally, when separation of the c^^doplasm is mcomplete, a famtl} etauird 
line may be seen connectmg two granules We believe that when the separatioi 
of the cjdoplasm is complete the cytoplasmic membrane surrounds the indn idual 
granules and is no longer contmuous over all the granules m a single bncillu 
When a granularxCell is stamed first by the Ziehl-Neelsen method and th^n 
outlmed by nigrosine, a white contmuous border is seen surrounding the acid 
fast cell This represents the imstamed cell wall which retams the granule? 
and prevents the mgrosme from outlimng the mdividual granules (figure 1) 

It IS our behef that when the Ziehl-Neelsen technique is employed the d}e 
gams entrance into the mtenor of the cell through the c 3 ’toplasniic membrane, 
where a small portion of the dye is firmly absorbed b}' the C}i;opIasni and can be 
removed from the cell only with difficulty The remaining free d^e is held in 
the cell because it is unable to diffuse through the cytoplasmic membrane, and it 
IS to this free dye that the characteristic red color of the stained bacillus is due 
If the greater portion of the dye m the cell can be shown to act as though it can 
be precipitated and then redissolved, it is evidence that the d 3 e behaves ^ ^ 
dye When a film of tubercle bacilli, stamed with either the acetate or h) 
chlonde of rosamhn to which 0 5 per cent of sodium chlonde is added, is examin 
microscopically, the dye appears to be evenly distributed throughout the ce 5 
and of uniform density (figure 2) The free dye m these stained ^ ^ 
precipitated and redissolved by the following process, which ma) be o 
microscopically „ 

The apphcation of acid alcohol to the film causes the color of 
change to a bluish red If the film is now washed with water, there wi ^ ^ 
a sudden shift of the dye to certom points in the ceU, resulting m the 
of one or more red-black bodies (figure 3) These bodies, which are rc cn 
as beads, are often considerably greater in diameter than the wndt o 
The areas between the beads stam family, and the mdth of the w 
areas is dumnished These family stained portions contain the 3^ 
absorbed by the C3^opIasm * cd 

The accumulated or precipitated dye which forms the beads can g- ^ ^ 
almost instantaneously by the application of either 5 per cent p cno 
cent ethyl alcohol, following which the dye spreads e\ cnlv ^ 

and gives the cell a uniformly bnght red appearance (figure 4) 
accumulation and redistribution of the dye may be repeate m * 1 ^ cr' 
without restammg, but eventually beads will fad to form PP 



- V* ^ i^wii uiai 

. len the concentiation of the dye is reduced the beads decrease m size and 
numbei but not m dellslt^ 




Fig 1 Upper left The granular form of the tubercle bacillus stained b\ the /lelii 
Xeelsen technique, \Mih its unstained \\all outlined b\ nigrosine 

Fig 2 Upper right Tubercle bacilli stained \Mth carbol fuchsin containing sodium 
chloride The dje is e\enl> distributed throughout the microorganism 
Fig 3 Lower left The same cells as in Figure 2, washed with acid alcohol and then 
with water The dje has been precipitated to certain points in the cell 

Fig 4 Lower right The same cells as in Figure 3, washed with 95 per cent etlnl 
alcohol The d>e is again evenly distributed throughout the cell 

All illustrations were taken at a magnification of 1,200 then enlarged three times 

Furthei obsen ations support our contention that the formation of bead*; repre- 
sents an accumulation or precipitation of free d 3 e within the tubercle bacillus 
(1) The location of beads cannot be predicted before formation, nor can e\i- 
dence of then previous location be found after dispersal with alcohol or phenol 
Wien refoi-med, beads may be found in their original location, but just as often 
the}^ OCCUP3 new positions in the cell (Porter and \egian, 1945) The«e findings 
as well as the fact that the beads ma\ be produced m cells from which the ether- 
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nlcohol-soluble constituents have been lenioved, make it ^cn uuhkcl\ (Int 
beads aie foimed about a pie-e\istmg stiuctuie vithm a fixed oigaiiMn 

(2) The late at vhich the piecipitated d 3 ^e is dissohed does not losemblo the 
giadual vithdiaval of d^’^efrom a stained stiuctuie The addition of an cleilro 
lyte, sucli as sodium chloiide, to a solution of caibol fuchsin icsults in the for 
mation of a piecipitate aaIucIi, vhen sepaiated bj’^ centiifugation, is readiK 
soluble m alcohol 


(3) The piocess of bead fonnation is almost mstantaneoiis Occasioinlh u( 
ha\ e noted that beads v eie not foimed so soon as v atei leached the piepinlioii 
but that a slight tap on the bench suppoiting the micioscope coincKled lutli 
sudden bead formation The effect of vibiation on precipitation is well known 

(4) The time necessai}'' to cause beads to disappeai is longei when stunol 
films aie kept foi seAeial AAceks and then tieated AMth alcohol Tins sujmol 
that the beads m oldei films contain less liquid 

(5) Thegianulai foi m of the tubeicle bacillus ma}'' be stained to show hoidini: 
but it A\ ill be noted that the d3^e accumulates and is dispersed onb in the pnii 
ulai portions and not in the unstained intei spaces This finding is furl her sup 
port for the contention that in these granular cells the C 34 oplasnne nicnihnne 
has sepaiated and is about the indnudual gianules aaIucIi aie ictaincd in IherrII 


b3 the cell a\ all 

(6) The phenomenon of accumulation oi precipitation of fiee 4)0 nia\ 
obseiA ed within cells other than m 3 ^cobacteiia Ceitain jniishioom spores w 
stained lesist decoloiization The 3 ^ ma 3 ’’ also sIioaa bead foimation and s 
sequent d3"e dispeisal AAhen stained and treated b3’' the method pic\ioiid\ 


Ih 

lirii 

ah 

dr 


scribed 

Oui oiigmal h 3 ''pothesis AAould be fuithei supported if Aie could show did 
flee dAe can be lemoAed from the cell AAithout altering its acid-fast projurtA 

The folloAAing method AAas emplo 3 ^ed to demonstiate the lemoAul of fuc < 
Taao suspensions of tubercle bacilli, strain 1137, aa ere made one in distilled w lUr 
and one m which the bacilli AAeie mixed AAith an appioximateh" cqii d amount 
^Tween 80^’ (Dubos and DaAus, 1946) preAuous to suspension in distilled w 
Both suspensions aa ei e boiled in a AA^atei bath for 20 minutes, and a loopfu c ( 
A\as placed on a slide The films AAeie dried in an and then stained l>^ t le ii u 


Ziehl-Xeelsen technique (Yegian and Budd, 1943) I lir ^ 

All Aisible dAe A\as lemoAed from the films aftei immersion in cd ler 
neutral 50 pei cent alcohol oi boiling A\atei It Aias obsened that t le ( ^ ^ 

renioA ed fiom the films containing 'Taa een” m 30 to 60 seconds as (onip ire^ 

5 to 7 minutes foi those which did not contain '^tween ” The dii ^ 
films AAas lemoA ed moie lapidh" hy immersion in boiling alcohol than n i 


Sion m boiling w ater 

When the films fiom which all free d 3 "e had been icmo\e( ^ ^ 

microscopicalh , the indnidual bacilli appealed faintl} pink ? j, ■ 
last faint trace of dAe absoibed by the C 34 oplasm ief|inrcd ^ 

immeision The change m staining that occurred as the j 

immersion AAas so maiked that one aaouM not hesitate to sua i ^ 



-- ^ “ i ' -parations were 

acid-fast When the cells are counterstamed with brilliant green following the 
immersion procedure, they appear bnlhantly stained, showmg that the free dye 
which was remo\ ed was probably the source of the acid-fast coloring 

When films of bacteria from which the free lipid had been extracted were pre- 
pared and stamed as before and then immersed m boiling water or alcohol, the 
time required to remove the dye was not altered 

We beheve that the decolonzation procedures descnbed here have their basis 
m the alteration of the permeability of the cytoplasmic membrane by the boihng 
solutions, but that the change is not permanent is evident when the Ziehl-Neelsen 
procedure is repeated and the bacilli are found to be acid-fast The action of 
‘'tween 80’^ is not understood, but it ma>, by altering the permeabilit}^ of the 
cytoplasmic membrane, permit the more rapid removal of free d^^'e 

nrscTJSsioN akd summaht 

The foregoing observ’^ations lead us to propose an explanation for the acid-fast 
characteristic of mj^cobactena that is both simple and comprehensive Our 
h3rpothesis is supported by the fact that, during the staining procedure when the 
Ziehl-Neelsen techmque is emploj^'ed, fuchsm enters the cell through the cyto- 
plasmic membrane and is not removed by the acid alcohol used m the procedure 
Fuchsm exists vithm the cell m two forms (1) One is a fonn which can be 
accumulated m beads and acts as free dye It is to this form that the usual color 
of the stamed acid-fast baciUus is attnbuted (2) A small portion of the dye 
acts as though firmly bound by the cytoplasm and gives the organism only a veiy 
famt pmk color 

Lamanna (1946) has postulated that beadmg is the result of phenol and dye 
separatmg out as a liquid phase We have been able to show that my cobactena 
will exlubit acid-fastness and beadmg even after extraction of the free hpids 
Smce we have not noted any progressn e decrease m mtensity’' of acid-fast coloring 
durmg the stages of extraction, v e do not believe that the acid-fast property- lies 
in the greater solubihty of phenol and dye m the cellular lipids than m the de- 
colorizmg agent 

Anderson (1932) isolated mycohc acid and has brought e\ idence to show that 
mycolic acid exists as a lipopolysacchande m the cell and that this complex is 
acid-fast Long (1922) believed that bound lipid existed as a lipoprotem in the 
cell and that this complex determmed cell permeability Boisse^am (1927) 
beheved that acid caused hydrolysis of an acid-fast substance in the cell and 
thus loss of acid-fastness 

In our ex-penence and m that of Rich (1944) mycolic acid and the othei ex- 
tractable hpids are not strongly acid-fast, and vhen ex-tremely thm films of 
mycolic acid are stamed they appear only faintly- acid-fast Vlso, no my cohe 
acid or closely related substance has been ext i acted from certain acid-fast struc- 
tures other than mj^'cebacteria The fact that hpids extracted from tubercle 
bacilli are only famtly’' acid-fast and that vathout drastic procedures, such as the 
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use of acid m the extraction, the bacilli remain acid-fast suggests that the rclVica 
of extractable hpids to acid-fastness has been overestimated Although it « 
known that acid hydrolysis will split hpoprotem complexes m certain cells, it h 
also knovTi that acid can affect a variety of other cellular components and ‘^truc 
tures, some of which may be important m the property of acid-fastncss Ex 
traction of a chemical from a cell ma}’' upset the function of a stnicturc in thcco’l 
m some demonstrable wa}’', but it does not necessarily folloxx that the extracted 
chemical or one of its complexes vnthm the cell represents the major factor in the 
function of the structure It may be true that certain lipo-complexes arc con 
trolhng factors in the permeabihty property of the cell, but in itself the perraen 
bility function of the mtact cytoplasmic membrane needs emphasis 

We have shown that apparentl3^ only a small portion of the d3"e is bound (oc) 
toplasm The essential characteristics of the beadmg process, such as the mjKo 
shift of the dye vnthin the cell, the vanability of location of the beads in thc^^vne 
bacillus after dissolution and reformation, and the failure to demonstrate an\ 
structure about which the beads might be formed all substantiate the fact tha* 
the major portion of the dye behaves as would be expected of a free d}0 Tic 
process of beadmg resembles precipitation very closety, and evidence has been 
offered for this idea 

We have shown that the free dye, which gives the usual color to the stained 
bacillus, can be removed hy immersion m boilmg alcohol or water ivithout alter 
mg permanently the acid-fast property 

The fact that tubercle bacilli are rendered non-acid-fast by trauma, autoly-^ 
or the use of acid is satisfied by our theory, the action has been so se\ cre that t c 
C3i;oplasmic membrane no longer controls permeability vith relation to tnc( i 
used 

The appearance of acid-fast mushroom spores stained by the Zichl Ncc 
procedure to show beadmg and the reaction of the resulting beads to p irao o 
alcohol give us some evidence that the existence of free dye that can be acciim.- 
lated and then redistributed within a structure is not peculiar to m} co )ac cn^ 
Cert am acid-fast structures other than tubercle bacilli have been sho\^'^ to 
tarn onl^’' small quantities of lipids The theory v e are proposing can accoun 

the acid-fastness of these structures as v, ell as of the mycobacteria 
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Instances of antagonism among the enteiic gioup of bacteiia ha^e been 
fiequently leported in the liteiatuie, but these aie concerned primaril 3 ^^th 
mixed cultures in nhich many diffeient factois, difficult to analj ze, aie im ohed 
In 1925 Giatia obsened a stiain of Escheiichia coli ^hich pioduced a diffusible 
and thermolabile antibiotic substance He called this substance “pimcipe Y ” 
This “piincipe V’’ seemed to be specific and at the time appealed to be actne 
against only one othei strain of Eschenchia coh and Shigella dyscatenac Later, 
Gratia and Fiedeiicq (1947) found that antibiotic stiains of E coh aie not at all 
infiequent, but that the antibiotic spectium ol the diffeient stiams nas chaiac- 
tei isticalty diffeient and distinct 

The antibiotic substances pioduced, to nhich was assigned the teim “cohcin” 
(Giatia and Fiedeiicq, 1947), differ not onl} in their antibiotic spectra but also 
in their phj^siochemical propeities (Gratia and Iiedeiicq, 1946) It has been 
obseived that some stiains maj^ produce seveial colicms with characteiistically 
different antibiotic spectia It was fuithermore obseived that practically 
eveiy membei of the Enterohactencceae studied, including the strains which 
themselves produced antibiotic colicins, was sensitne to one or moie colicms 
pioduced hy some other membei of the Eiiterobactcnaccae 

In the piesent study of antibiotic mtei relationships among members of the 
enteric group of bacteria we employed the following technique (Fiedericq, 1946) 
A small (about 1-mm) loop of a bioth cultuie of a stiam to be tested foi pi educ- 
tion of antibiotics vas stabbed on pieviously pouied and dried peptone agar 
plates Aftei incubation foi 48 hours at 37 C the cultuie was killed by exposuie 
to chlorofoim vapois for a peiiod of about 1 hoiii, and the chloioform was then 
allow ed to evaporate The entiie surface of this agar plate w as then inoculated 
with a strain being obseived foi sensitivity A comenient piocedure for this 
purpose consisted of coveimg the suiface of the medium with a sterile filtci 
papei and then inoculating this filtei papei with a ml oi two of a cultuie of the 
oiganism being studied foi sensitivity’’ After contact foi se\eial minutes the 
filter papei was lemoved and the plate incubated foi 24 hours at 37 C If an 
antibiotic w^as pioduced, growdh of a sensitne strain was inhibited in a circular 
zone in the vicinity^ of the stab but not lestiicted on the lest of the plate, as may 
be seen m figuie 1 It will be obseived that two strains were markedI^ anti- 
biotic, one only^ vei’y^ slightly , and the fourth showed no c\idence of antibio^^is 
against a stiain of Eschcnchta being tested foi sensitnity 

The antagonistic action undei consideiation appears to be (juile different 

1 Fellow of the Belgian Amencan Educational Foundation 
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fiom the ‘lutoinhibition of colifoun bactciia lepoilecl In Poweis md hvav 
(1937) md Coblciitz and I c^ me (1947) nhen omploMiig the i illul ilip^ 
technique, nlncli consists of piepanng agai In adding i 3 pei cent ign gd U\ m 
equ^l ^olume of an old bioth cultuic of the te^t oigini'^m and then olMniiiL 
giondh aftei icmoculation of this medium Tims, fiom (d)lo I il \\ill K 
noted tint Cschcnclna stiain CAl did not giow on a st\Ied medium nude u\tl» 
tint same ciiltuie, but it Mas not autoinhibiton nhen cmploMUg llie mtihinti. 



Fig 1 Vntibiotic \ctimti among Dntfric liACTrni^ 


technique deNCiibed abo\c Escherichia stiain C V2, ^S/uf/d/a C Mb f 
colon CA79 ‘'imilarh -^hou automhibition of giOMdli b} tlic ‘•t ding ‘ , 
but olTcr no CMdentc tint a difTusible autoinhibiton mbdance i' P ‘ 
nhen thc\ aie te<te<l b\ the uitibiotic technique On the other ^ 

C\l, CV2, and C V44 shou no endence of inhibition auuiut -trim 
the staling technupie n fmpIo\ed, but marked inhibition uhfii t a 
tcchmque is emplo\(d Miain C \44 is p\i*ticularl\ -tnking ^ 

biotic against a numbei of other strain- but not, lioucacr, tir ^ 

two substances i-^ocntcd uith growth inlubition- — namclaT thit \ 




- » * ; ‘Ore, nave to be coBsidered as probablj’ 

distinct until their nature is more definitely determmgd 

TABLE 1 


Growth inhibition on staled agar and in vicinity of colonics of antibiotic strains 


STSASK OBSZTIVET) FOtt CttOWTB j 
nraiBITION 

Eschcr 
ichta 
CAl 1 

Etcher 

tchta 

CA2 

ShtscUa* 

CA44 

Para 
colon 
CA79 1 

Escher 

\chiQ 

CAS 


Ctfro 

bacter 

CAi3 

Aero 

barter 

A6 

Antibiotic strains 
employed 

1 Tech 

niquc 

Inhibition of growth 

Escherichia CAl 


+ i 

1 


+ 1 

+ 

— 







— 


1 


— 

— 

Escherichia CA2 

s 

A 


+ 

+ 


-H 



- ’ 

Shgella* CA44 

s 



■f 

•f 

4" 


— 



A 

+ 1 

1 

+ 

— 


— 

4- 

4- 

4- 

Paracolon CA79 

S 


-h 


-f 

+ 

B 




A 

1 


— 

l ^ 

— 

B 

4- 



A, antibiotic technique (2 day culture, 37 C) 

S, staled medium prepared from 10 day culture, 37 C 
* Final allocation not definitely made 


TABLE 2 

Frequency of antibiosis among strains of enteric bacteria 


EntAINS TE'nTU) 
yOB CBOWTU 

CBOUP 

Etcher 

tchia 

Para 

colon 

Citro 

baclcr 

Aero 

lacier 

Pro 

teus 

Saltno 

rclla 

Eber 

ihella 

Shtseth 

All Groups 

INHIBITION 

No 

56 

23 

13 

14 

8 

33 

6 

41 

194 

Antibiotic s 

Croup 

trams 

lio 



Per cent of trials showing growth inhibition 



Escherichia , 

39 

37 

23 

10 

2 

4 

22 

19 

44 

28(7,506)* 

Paracolon I 

21 

22 

12 

7 

0 

0 

6 

9 

44 

18(4,074) 

Cilrobacter 

8 

26 

20 

19 

0 

0 

7 

25 

47 

23(1,552) 

Eberthclla \ 

5 

15 

8 

17 

0 

0 

0 

17 

11 

jl0(970) 

Shigella \ 

15 

17 

7 

1 

0 

0 

0 

3 

36 

113(2,895) 

All groups 

88 

28 

(4,928)*| 

15 

(2,024); 

9 

(1,144) 

1 

(1,232) 

2 

(7W) 

12 

(2,904) 

14 

(52$) 

40 

(3,593) 

22(17,057) 


* Figures m ( ) indicate number of trials or observations (product of numbers of 
antibiotic and test strains) 


Table 2 shows the frequency of the phenomenon of antibiosis among strains 
of enteric bacteria Eighty-eight strains were tested for antibiotic potency 
against 194 strains of the colon group (the latter mcluding the test strains) 
Of 17,057 observations, evidence of grmvth mhibition was obsened in 22 per 
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cent Considering the sensitivity of 56 strains of Eschmchxa to antibiotic^ 
produced by other enteric bacteiia, it will be noted that growth inliibition ics 
observed most frequently (37 per cent of the tnals) \^hen Eschenchta strain*; nt^c 
tested against other Escherichia strams and least frequently (17 per cent) when 
they were tested against Shigella strains 

The paracolon bacilli sliowed results similar to those observ'ed for the 
ichia 

The CiUobacier strams were most frequently inhibited by other strains ci 
Ctirobacier or by Ebcrthella strains, but it should be noted that the number cf 
antibiotic strams, 8 and 5, respectively, are too few for final judgment 
As a group, the Shigella strains seem particularly prone to be scn*^itnc to 
antibiotic agents produced by enteric bacteria Thus, growi^h inhibition 
observed in 40 per cent of the trials with Shigella as compared to 28 per cent with 
Eschenchta and 12 per cent with Salmonella 

In the 14 strams of Aerobacter and 8 strains of Proteus studied, sensitnit) ws. 
only occasionally observed, and then only to a few strams of Eschendu 
The Salmonella strams were frequently sensitive to Eschenchta (22 per cen^ 
of the trials showed growth inhibition), occasionally sensitive to Cttrobcclr 
and paracolon strams, but never sensitive to the antibiotic Shtgella or Ehcrlhd^ 
strams employed 

In table 3 is shown the frequency of growth inhibition by and among entenv 
bacteria Of 56 strams of Escherichia that were tested for sensitivity to \ario’J3 
other entenc forms, a large proportion (25 to over 75 per cent) were ecnsitnc toft 
large number of other Eschenchta strams, whereas only a few were Bcnsitncto 


Shigella or Eberihella strams f 

Among 14 Aerobacter strams tested for sensitivity against other nicm 
the Enterobactenaceaey only 3 (or less than 25 per cent) vere inhibited by S 
and that was due to a single Shigella strain, 25 to 49 per cent of the 
showed some evidence of sensitivity to Escherichia strains, but there again ot ) 
small proportion of Eschenchta strains (8 per cent) were antibiotic ^ 

It will be seen from table 3 that the 33 strains of Salmonella tested , 
sensitive to any of the strains of Shtgella or Eberihella and only ^ 

sensitive to some Ctirobacier and paracolon bacilli, but Eschenchta 
frequently antibiotic against Salmonella strams, as indicated by 41 
39 Eschenchta cultures employed showing antibiotic action against o o 


cent of the Salmonella strains under observation ^ ^ 

Considering the Shtgella strams, it again will be noted that t ^ ^ 

ticularly susceptible to Eschenchta strains (95 per cent of 
Eschenchta strams being effective against 25 per cent or more o * •• 

cultures) They were also sensitive to strams of Ctirobacier an o 
bacilh, but particularly to other Shtgella strains (47 per cent o 
actue agamst more than 50 per cent of the Shtgella culture:^ tes c 


tivity^) ^ 

The insensitivity of Proteus strains is evident as only 2 (5 
Eschenchta cultures were antibiotic against them, but th^c ^ 
were effective against 6 of the 8 strams of Proteus observed 



sidenng the Eschenchta strain, it will be noted that it was antibiotic against 85 

TABLE 3 


Frequency of growth tnhibiixon by and among enteric bacteria 


ANTIBIOTIC 






ANTIBIOTIC 






ENTERIC 

Escher 





ENTERIC 






STRAINS 

Para 

Ctlro 

Eher 

shtz 

STRAINS 

Escher 

Para 

Citro 




\ch\a 

colon 

bacter 

thrlla 

ella 


tekta 

colon 

bacter 

thella 

ella 


39 

21 

8 

5 

15 


39 

21 

8 

5 

u 

Per cent of 56 

Per cent of various strains antibiotic 

Per cent of 13 

Per cent of various strains antibiotic 

inhibited 


against Eschenchta 


inhibited 


against Cxtrohacter 


0 



m 



0 

72 

76 

12 


93 

<25 

31 

81 


100 

100 

<25 

18 

14 

88 

100 

7 

25-49+ 

64 

14 




25-49+ 


5 




60-74+ 

10 

5 

HI 



60-74+ 

2 

5 




75+ 

6 


■ 



75+ 

8 





Per cent of 
23 paracolon 
i^bited 

Per cent of various strains antibiotic 
against paracolon 

Per cent of 
14 Aerobacter 
inhibited 

Per cent of various strains antibiotic 
against Aerobacter 

0 

13 




33 

0 

92 

100 

100 

100 

93 

<25 

69 

mm 

75 

100 

67 

<25 





7 

25-49+ 

10 

Kl 

25 



25-49+ 

8 





60-74+ 

8 

m 




60-74+ 






75+ 


■ 




75+ ! 

1 






Per cent of 
33 Salmonella 
inhibited 

Per cent of various strains antibiotic 
against Salmonella 

Per cent of 

41 Shigella 
inhibited 

Per cent of various strains antibiotic 
against Shigella 

0 

26 

67 

75 

100 

100 

0 

2 




7 

<25 

33 

24 




<25 

3 

14 

12 

100 

40 

25-49+ 

28 

9 

25 



25-49+ 

77 

81 

60 


6 

60-74+ 

13 





50-74+ 

8 

5 

38 


47 

75+ 






75+ 

10 





Per cent of 

8 Proteus 
inhibited 

Per cent of various strains antibiotic 
against Proieus 

Per cent of 6 
Eberthella 
inhibited 

Per cent of \anous strains antibiotic 
against Eberthella 

0 

95 

100 

100 

100 

100 

0 

36 

67 



80 

<25 




<25 

54 

23 

75 

100 

20 

25-49+ 






25-49+ 


5 

25 



50-74+ 






50-74+ 

10 

5 




75+ 

5 





76+ 






per cent of the 56 Eschenchta j 70 per cent of 23 paracolon bacilli, 85 per cent of 13 
Ciirobacter strains, 100 per cent of 6 Eberthella strains, and SO per cent of 41 
Shigella strains, compared with only 27 per cent of the 33 Salmonella strains 
It was entirely inactive against the 7 Proieus and the 14 Acrcbaclcr strains that 
were observed 
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The growth inhibition zones varied markedly for different strains, indicating a 
large variation in the degree of resistance or susceptibility of the various strains 
tested to the antibiotics produced by this Escherichia strain (37) Ferhaps a 
particularly striking observation is that among the 33 strains of Salmonella 
tested for sensitivity to this strain of Escherichia, 24 (73 per cent) were insen- 
sitive, but for the 9 sensitive strains the diameter of the inhibition zone was over 
40 mm in eight instances (in three of which it was over 50 mm in diameter) 
The 9 highly sensitive strains of the Salmonella included an umdentified strain, 

TABLE 4 


Growth inhibition zone against various enteric bacteria 


diameter I'iHIBITION ZONE 

NONE 

<10 MM 

* 10-19 MM 

1 

20-29 MM 

30-39 UM 

40-49 MM 

; 50-59 irw 

pfr cent 

STRAINS 

INHIBlTEDf 

Test strains 

Group i 

No , 

Number and per cent* of test strams inhibited by 

E\ch rtcha stram 37 

Escherichia 

56i 

7 (13) 

1 (2) 

10 (18) 

7 (12) 

26 (46) 

5 (9) 


85 

Paracolon 

23 

6 (26) 

1 (4) 

4 (17) 

4 (17) 

2 (9) 

6 (26) 


70 

Ciirobacler 

13 

2 (15) 


2 (15) 

3 (23) 

5 (39) 

1 (8) 


85 

Aerobacter 

14 

14 (100) 








Proteus 

7 

7 (100); 



1 





Salmonella 

33i 

24 (73) 1 

1 



1 (3) 

5 (15) 

3 (9), 

27 

Eberthella 

c 

1 


5 (83) 


1 (17) 



100 

Shigella 

41 

8 (19) 

2 (5) 

13 (32) 

12 (29)j 

5 (12) 

1 (2) 


1 80 



Number and p-r cent* of test strains inhibited by 1 




1 


Sht^clla sonn€% strain P 9 

1 


Escherichia 

66 

42 (75) 

2 (4) 

5 (9) 

4 (7) 

3 (5) 

1 


21 

Paracolon 

23 

19 (83) 

1 (4) 

2 (9) 

1 (4) 




13 

Ciirobacter 

13 

11 (84) 


1 (8) 

1 (8) 




10 

n 

Aerobacter 

14 

13 (93) 


1 (7) 




1 

1 

Proteus 

7 

7 (IOC) 








SalmoneUa 

33 

33 (100) 








Eberthella 

6 

5 (83) 

1 (17) 






71 

Shigella 

41 

12 (29) 


5 (12) 

22 (54) 

2 (5) 



/ 1 


* Per cent to nearest whole number 
t Showing inhibition zones of at least 10 mm 


the only S tennessee and S newpoi t, each of the two S enteniidis, and ^ ^ 

S schotlmuelleri of our collection It would be interesting, and perhaps 
cant, to determine whether other strams of these Salmonella types are sun 
sensitive to Eschenchm strain no 37 

The mhibition zones produced by the Shigella sonnei stram (F9) ^ 

much smaller than those frequently observed with the Escherichia strain re 
to above, and it will be noted that it was effective particularly ^ 
strams of Shigella, 29 (or 71 per cent) of the 41 Shigella strains tes e 
sitivity showed inhibition zones 

As illustrated by these two examples, the antibiotic spectra o vano 
















- V.3 may dmer widely even among members of the 

same group However, when a strain of a welhdefined type of Salmonella or 
Shtgclla, such as S schottmuellen or Shtgella sonnet, was found to be sensiti\e to 
one or more oi the active cultures, all other strams of the same type available at 
the time of this study were hke'wise susceptible to the antibiotics produced by 
those particular active cultures This mdicates that there may be some cor- 
relation between biochemical properties, or antigemc structure, and antibiotic 
sensitivity 


SUMMARY 

The results obtained with 88 antibiotic enteric strains against 194 members 
of the Enlerohaciertaceae (mcludmg the antibiotic strams), employing a simple 
techmque for rapidly ascertaining sensitivity or antibiotic activity, are de- 
scnbed 

Members of the genus Shigella were more frequently sensitive to antibiotics 
produced by vanous enteric strains than were other genera of the Enterdbac- 
iertaceae 

The frequency of sensitivity to antibiotics produced by vanous members of 
the Enterohactmaceae decreased in the foUowmg order Shtgella, Escherichia, 
paracolon bacilli, Ctirobacier, Salmonella, Proteus, and Aerobacter Thus, 40 per 
cent of 3,593 tnals employing strams of Shtgella, 28 per cent of 4,928 tnals with 
Escherichia, 15 per cent of 2,024 tnals mth paracolon bacilh, 12 per cent of 2,904 
tnals with Salmonella, 2 per cent of 704 tnals with Proteus, and 1 per cent of 
1,232 trials with members of the genus Aerobacter showed evidence of sensitivity 
to antibiotics produced by members of the Enterohacienaceae 

Shigella strains were frequently active against Escherichia, particularly active 
against other Shigella strains, only occasionally active agamst Ctirobacier, and 
entirely inactive agamst members of the genera Aerobacter, Proteus, or SaU 
monella 

Escherichia strams, on the other hand, are not only active agamst many other 
strams of Eschertchta, Ctirobacier, paracolon bacilli, and Shtgella, but also 
agamst many Salmonella, though only occasionally^’ agamst strains of Aerohaclcr 
or Proieue 

When a well-defined type of Salmonella or Shtgella, such as Salmonella schoU^ 
muellen or Shtgella sonnet, was found to be sensitive to one or more active cul- 
tures, all available strams of the same type were similarly* sensitive to those 
active cultures, indicating that there may be some correlation between bio- 
chemical properties, or antigenic structure, and antibiotic sensitivity 
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— virus vaccine, quantitative assay, 60 
Insect digestive tract, passage of bacteria, 

447 

Intestinal tract of insects, passage of bac 
teria 447 

lodonium compounds as disinfectants, 33 

Japanese beetle killed by two bacilli, 267 

— encephalitis vaccine, 76, /7 

Kahn reaction in young and old rabbits, 773 
Klebsiella rhinosderomahs, cause of 

roma, 269 


Klieneberger related to Slreplobactllus 

nomliformiSj 231 

ite fermented to butyrate, 

Dbacilh, oral, serology of, 14 
Cheddar cheese manufacture, // 
,bacnllus, taxonomy of genus, 
itamin requirements, 13 „ 

evis produces hydrogen peroxide, 272 



— cnzymothcnnophtht8j 12 

— surface growth with various peptones, 14 
Lanthanum salts bacteriostatic, 417 
Lccithinnsc for identification of BacillvBf 11 
Legume nitrogen fixation, see Rhtzobtumf 37 
Leprosj , serological reaction wnth lipid anti- 
gen, S4 

Levconosloc vicsentcrozdcs from cane juice, 
697, 709 

— mesc7i(crotdcs identified by phage and 
serology, 709 

Lipid hydrolysis in cells b^ penicillin, 127 
Lipids on surface of Micrococcvs aureus, 17 
Lobster disease by bacteria, 47, 48 
Lymphocytic choriomeningitis virus grown 
on cluck embrjos, 275 
Lymphogranuloma psittacosis group of or- 
gamsm, life cycle of, 637 
Lysozyme antiserum, production and prop 
erties, 101 

Manganese salts retarding citric acid for- 
mation, 161 

Manmtol fermented anaerobicallj by staph 
ylococci, 266 

Meningococcus, see Netssena menxngtixdis 
Metabolism of bactena affected by immune 
serum, 88 

Method for identifying antibacterial sub- 
stances, 761 

Methylene blue reduction affected by or- 
ganic acids, 275 

Mtcrobactenum lachcum, nutrition of, 18 
Microbic dissociation of Brucella abortus, 2 

— dissociation of Netsseria intracellulans, 

175 

Micrococcus aureus, surface lipids, 17 
Micromanipulator handling does not injure 
cells, 30 

Mineral oil for preservation of cultures, 264 
Mold contamination by bacteria rapidly 
discovered, 280 

— spores killed by electronics, 668 
Molds as source of riboflavin, 519 

— m submerged culture produce amylase, 

149 

Monkey resistance to Shigella dyscnteriae, 57 
Motility and flagellation, 681 
Mucopolysaccharide from Closlrtdtum per- 
fringens, 274 

Mumps, complement fixation antigens in, 
278 

Mutation, temperature coefficient, 745 


— of Escherichia coh by X-rays, 731 

— of Neisseria in regard to streptomycin re- 

sistance, 467 

— of Phyiomonas slewarlii, 745 

— of Staphylococcus by H 0 , 767 
Mycobacteria, benzoic acid metabolism in- 
hibited by streptomycin, 671 

Mycobacicrium, nature of acid fastness, 777 
— , zoogleal forms of, 64 

— Krass Inikov same as Coryncbactcrium,2Ql 

— smeguiatis, bacteriophage for, 272 

— tuberculosis, Actinomycetes antibiotic, 
563 

— tuberculosis, differences between virulent 

and avirulent strains, 66 

— tuberculosis, effect of diet on suscepti- 

bility of mice, 66 

— tuberculosis, metabolic changes through 

streptomycin, 68 

— tuberculosis, m3 omycin, a new antibiotic 

against, 281 

— tuberculosis, proteins of culture filtrates, 

68 

— tuberculosis, increasing resistance to 
streptomycin, 67 

— tuberculosis, simple medium for, 278 

— tuberculosis, susceptibility of different 
strains of mice, 66 

— tuberculosis arrested and killed by strep 

tomycin, 253 

— tuberculosis arrested b 3 p aminosalicylic 

acid, 65, 409 

— tuberculosis arrested by tissue extracts, 65 

— tuberculosis infection prevented by 
B C G , 89 

Myomycin, a new antibiotic from an ncti 
nomycete, 281 

Nasal cavity, method of counting bacteria, 
51 

Neisseria gonorrheae, isolation depending 
on menstrual cycle, 72 

— gonorrheae, rapid identification, 71 

— iniracellularis, nucrobic dissociation, 175 

— streptomycin resistant \ar 
lauts, 467 

Nciirospora, biochemistry of, 29 

mutant requiring sulfonamide, 195 

Nicotimc acid o\crdo£c inhibits growth, 20 
Nitrate reduction, quick method, 28 
Nitrofuran compounds, mode of action, 119 
Nitrogen fixation in vtlro by Rhizoh%uri,Z7 
— mustard causes bacterial mutation, <0# 
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Nucleoprotem extracts of bacteria alter 
drug resistance, 282 

Nucleoproteins, antigenic, from hemolytic 
streptococci, 54 

Nucleus of Bacillus mycoides demonstra- 
ted, 4 

Optical glass spoiled by microbes, 45 
Oral immumty tests of dysentery antigen, 
371 

Osteomyelitis in rats by Salmonella iypht- 
murium, 57 

Oval tube method for testing disinfectants, 
42 

Oxygen consumption and NHs utilization 
for growth, 599 

— controlling growth of Brucella, 16 

— influencing glycerol formation by yeast, 

23 

Pantothemc acid, see also Vitamin 

— acid decomposed by Pseudomonas, 135 

— acid in bacterial metabolism, 19 

para -Aminosalicylic acid against Mycobac- 
terium, 65 

— acid bacteriostatic for Mycobacterium 
tuberculosis, 409 

Paracolon bacilli, differentiation of, 1 

— bacteria, anaerogenic, serologically like 

Shigella sonnet, 179 

— type causing gastro enteritis, 277 
Pasteurella pesiis phage acting on Salmo- 
nella and Shigella, 70 

Pectin fermentation by Clostridium fel- 
sineum, 36 

Pemcillin, effect of different types on spiro- 
chetes, 81 

— , effects on gram-positive and gram-nega- 
tive bacteria, 719 

— , method of assaying mixtures, 425 
— , mode of action, 6 

— , mode of action, effect on gram stain, 283 
— , mode of action on vacuoles, 127 
— , mutual interference of different types, 
425 

— assay of mixtures, 425 

— changes morphology of Escherichia colt, 

183 

— efficiency increased by impurities, 305 

— efficiency of different concentrations, 6 

— inactivates SH groups, 727 

— inactivation by hj droxylamine, 32 

— level determination in urine, 27 

— level in animals, prolongation of, 90 


— resistance prevented by other drugs, 363 

— selectivity, cause of, 719 

— stability by buffering, 546 
Penicillinase isolation and utilization, 32 
Penicilhum notatum oxidizes carbohydrates, 

280 


— notatum respiration, 16 
Pertussis vaccine assay, 85 
Phagocytosis and ascorbic acid, 53 

— observed in dark-field, 271 

— of encapsulated bacteria, 52 
Phase microscope in colony studies, 4 
Phenol production by marine bacteria, 263 

— production from tyrosine, 39 
Phenoxy - ethyl - dimethyl - dodecyl - ammo- 
nium bromide, 668 

Phenylmercunc mtrate mode of action, 527 
Photographic negatives spoiled by nu 
crobes, 45 

Phyiomonas stewarlii, mutations of, 745 
Pigment production by Actinomyces coeh 
color varied by pH, 213 
Piricularza oryzae, nutritional requue 
ments, 401 

Plant growth regulators destroyed by soil 
microorgamsms, 37 

Plasmodium cathemenum inhibited by 
drugs, 669 

Plate count methods, errors of, 641 
Pleomorphism in Mycobacterium, 64 
Pleuropneumomalike orgamsms from Eemo 
philus, 3 

Pneumococcal polysaccharide, assay oi, 

— polysaccharide, estimation of, 333 
Pneumonia, immunization by inhaled po y 

<50 OP n Q 5s7 

Podophylhn does not affect Eberihella Iv 
phosa, 759 
Polymyxin, 549 

— assay by agar diffusion method, o 
Poliomyelitis, active immunity in monkeya, 


76 

n rats can be accelerated, 275 
arus, epidemiology study, 75 
arus in flies, 279 , 

urus not affected by soil actinomy * 

276 

rirus transmitted to mice, 

>rsacchar,de pneumocoecal^^^^^^^ 


333 

. of Clostridium perjnngens, 274 
nf nlants immunizes against pne 


87 



^ - ena 

bacteria, 64, 6C9 

Potentiation of antimalanal agents, 669 
Poultry evisceration, bacteriology of, 46 
Preservation of cultures under mineral oil, 
264 

Proacitnomyces decomposing steroids, 557 
Protein, radioactive, location in tissues, 95 
Proteus mtrabiltSf serology of, 2 
Pseudomonas aeruginosa , creatimne decom- 
posing strain, 359 

— aeruginosa f pigments and antibiotics, 109 

— aeruginosa, unusual strains, 30 

— oxidizing alcohol to acetic acid, 22, 191 
Psittacosis IjTnphogranuloma venereum, 

antigen fractionation, 59 

— virus in chick embryos, 59 
Psychrophilic bacteria in foods, 31 
Pullorum antigens, comparison of different 

types, 36 

Purple bacteria, calcium requirement, 18 
Pyocyaneus, see Pseudomonas aeruginosa 
Pyocyamn, 109 

Pytidoxal phosphate as tryptophanase co- 
enzyme, 21 

Pyrogen tests not affected by time of day, 91 
Pyrogenicity of protein solutions, 715 
Pyruvate oxidation, accessory factor for, 20 
Pyruvic acid metabolism of streptococci, 22 

Q fever, vaccination against, 77 
Quaternary ammomum compounds, assay 
difficulties, 43 

— ammonium compounds, inhibitors for, 44 
‘ — ammonium compounds, mode of action, 

43 

— ammonium compounds, PDDB, 668 

— ammonium compounds, reversal and 
specificity, 245 

Rabies infection studied on chick embryos, 
74 

Ragweed pollen, chemistry and immu- 
nology, 271 

Red blood cells, see Erythrocytes 
Redox potential upset by furacin, 119 
Respiration of cells affected by immune 
sera, 88 

Respiration of Fusanum and Pentcilltum, 16 
Respiratory disease decreased by oiling 
floors, 94 


Rhizobium, flagellation of, 681 

— fixing mtrogen by means of hemoprotem, 

37 

Riboflavin manufacture hyAshhya gossyptt, 

38 

— production by molds, 519 

— ’ synthesis by Eremothecium ashbyti, 40 
Rice blest disease by Pinculana oryzae, 401 
Rickettsia humeii, antibodies against, 77 

— orxeniahs, strain \anation, 92, 93 
Root canals of teeth, culture method of their 

bacteria, 72 

SH, sec Sulfhj dryl 
Saliva inhibiting diphtheria, 53 
Salmonella, lactose fermenting, 270 
— , multiple t 3 TDes in egg ponder, 48 

— pullorum causing diarrhea, 667 

— sensitivity to streptomycin, 90 

— serologically related to Shigella, 4 

— strains from the Pacific, 265 

— strains susceptible to Pasleurella phage, 

70 

' — typhimunum causing osteomyelitis in 
rats, 57 

Scleroma, bacteriology of, 269 
Serology of enterococci, 501 
Serrotia marcescens, oxygen and ammoma 
utilization, 599 

Shigella antagomzed by coliform bacteria, 
26 

— dysentenac tested on monkeys, 57 

— serologically related to Salmonella, 4 

— sonnet for immunization against dysen 

tcry, 274 

— sonnet resembled by'" paracolon species, 

179 

— strains susceptible to Pasleurella pbage, 

70 

Simultaneous adaptation, 339 
Single cell isolation docs not injure bac 
term, 30 

Smallpox vaccine can be diluted with beef 
serum, 281 

Sodium acenaphthenc sulfonate causing 
microbic dissociation, 633 
Soil fungi decompose straw, 35 

— improted by straw mulching, 34 

— microorganisms destroy plant growth 
regulators, 37 

Sonic energy to disperse bacterial nggre 
gates, 325 



808 


INDEX 


[voL 64 


Sjnrochaeta phcaixVis, free-living, cultiva- 
tion of, 483 

Spray apparatus for antibiotic microorgan- 
isms, 443 

Staphylococci ferment manmtol anaerobi- 
cally, 266 

Staphylococcus aureus, agglutinated by 
chorioallantoic fluid, 62 

— aureus, chemically induced mutation, 767 
Steel corrosion by sulfate-reducing bacteria, 

46 

Sterility testing of nonaqueous prepara- 
tions, 32 

— testing of pemcillin, 32 

Steroid degradation by soil microbes, 557 
Straw decomposition by soil fungi, 35 

— mulching improves soil condition, 34 
Streptamine and streptidine do not inhibit 

benzoate metabolism, 671 
Streptobacillua monxliformis related to Li of 
Klieneberger, 231 

Streptococcal antibody and antigen causing 
cutaneous reaction, 92 

— protein on oil induces type-specific anti- 

bodies, 85 

Streptococci, hemol 3 rtic, fractionation of 
cell contents, 54 

— , hemolytic, mode of spreading on mem- 
branes, 55 

— , hemolytic, not accessory factor in diph- 
theria, 619 

— , hemolytic, susceptibility to, increased by 
influenza, 56 

— associated with human disease, 495 

— in air decreased by oiled floors, 94 

— not of group A in human infection, 69 

— of capsulated group A destroy hyaluromc 

acid, 282 

— produce peroxide m saliva, 53 
Sirepiococcus h<ms and mitxs in human in- 
fections, 69 

— faecahs, products of glycerol fermenta- 

tion, 239 

— coehcolor producing different pigments, 

213 

— gnseus, eflicient strains, 27 

— gnseus destroyed by phage, 451, 535, 545 

— gnseus produces actidione, an antibiotic, 

41 

Streptomycin, demonstration of hemolysis 
inhibition, 279 
— , mode of action, 6, 9, 521 
— , tuberculostatic and tuberculocidal prop- 
erties, 253 


— adsorption, 6, 8 

— affects benzoic acid metabolism of myco 

bacteria, 671 

— as accessory growth factor for Netsserta 

mutant, 467 

— bacteriophage, 41 

— changes metabolism of Mycohaclenum 
tuberculosis, 6S 

— dosage schedules, 67, 89, 253 

— inhibitors in certain media, 521 

— producing spherical variant of Escheri- 

chia coll, 569 

— producingstrams oi Streplomyces gnseus, 
27 

— production in stationary cultures, 42 

— resistance, development of, 8 

— resistance developed in Nezssena men 

tngiHdis, 467 

— resistance of Mycobacierium increasing, 67 

— resistance prevented by other drugs, 363 

— sensitivity of Salmonella, 90 

— therapy in tularemia, 84 

— tolerance of fungi, 399 

— useless in brucellosis, 80 

— useless in trypanosomiasis, 80 
Subtilin, nature and properties, 269 
Sulfamlamide, causing delayed bacten- 

ostasis, 5 

Sulfate-reducing bacteria corrode steel, 46 

— reducing bacteria oxidizing hydrocar- 
bons, 664 

Sulfathiazole inhibiting vitamin synthesis, 9 
Sulfhydryl compounds neutralizing mer- 
curials, 527 

— groups inactivated by penicillin, 727 
Sulfonamide reqmred by Neurospora mu- 
tant, 195 

Sulfonamides prevent recurrence of rheu- 
matic fever, 278 
Surface phagocytosis, 52 
Synergism in reference to diphtheria, 619 

— of antibiotics, 8 


irtrate fermentation, anaerobic, 647 
jeth, bacteria in roof canals of, 72 
jmperature affects mutation rate, 747 
lalhum salts bacteriostatic, 417 
lerraal death rates of yeast cells, 38 
lermophihc cellulose decomposer, 51 
uamine effect in antigenicity, 613 
overdose inhibits growth, 20 
requirement of Piriculana oryzae m 
sBue extracts bacteriostatic to ^fveob 
tenum, 65 



gitis, 6D 

Trichophyton killed by fatty acids, 46 
Trypanosomiasis not helped by Btrepto- 
myem, 80 

Trjplophannso coenzyme, 21 
Tryptose may contain Brucella suppressing 
factor, 2S2 

Tubercle bacteria, sen Mycobacterium 
Tuberculin reaction not delayed by anti- 
histamines, 82 

Tuberculosis, bacteremia in, 272 
— chemothcra peutic studies vs'ith chick em- 
bryos, 668 

—retarded by estrogen, 270 
Tularemia, Ascoli test applied to, 83 
— , course of infection, 83 
— , streptomycin therapy, 84 
Tyrosine as source of phenol and p cresol, 
39 

Ultraviolet-inactivated phage reactivated, 
79 

Urine pemcillin level abnormally high, 27 

jV’-factor content of stored blood, 31 
Vacuole mechanism upset by penicilhn, 127 


Virus, bacterial, sec Bactcriophago 

— adsorption on red cells, 02 

— hemagglutination, nonspecific inhibition, 

62, 03 

Vitamin synthesis inhibited by eulfathia- 
zolc, 9 

Vitamins, sec also Biotin, Pantothenic acid. 
Riboflavin, Thiamine 

Water, potability of well water in Kentucky, 
2S0 

Water analysis, formate ricinoleato lactose 
broth, 661 

Wheat bran containing antibiotic, 513 

X-ray-induced mutations of Actinomyces, 31 
X-rays produce viable and lethal mutations 
of Escherichia coh, 731 

Xanthomonas, serological study of genus, 
349 

Yeast, see also Alcoholic fermentation 
Yeast fermentation decreased by added ni- 
trogen, 40 



